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ABSTRACT 
Crude protein needs of chickens have changed due to genetic line differences and selection of 
those lines for differing broiler traits.  Standard commercial broiler strains have been selected to 
be used to meet multiple processing categories typically at live body weights less than 3.5 kg.  In 
the last two decades high-yielding broiler strains were introduced into the commercial market.  
These breeds are known as the Cobb 700 and Ross 708.  The works included within are focused 
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The following work addresses crude protein needs of high-yielding broiler breeders and their 
offspring with a focus on digestible lysine.  An example of high-yielding broilers is the Cobb 
MV x Cobb 700 broiler cross and this has been commercially available since 2015.  This cross 
has the advantages of increased carcass better understanding the bird’s dietary needs will benefit 













High-yielding broiler breeders and their progeny:  A review of their protein needs 
Leasea D. Butler†Δ, Colin G. Scanes†, and Michael T. Kidd† 
†University of Arkansas, Fayetteville, Arkansas, 72701; ΔCobb-Vantress, Inc., Siloam Springs, 
Arkansas, 72761 
INTRODUCTION 
The first primary broiler breeding company, Cobb’s Pedigreed Chicks™ was established in 1916 
by Robert C. Cobb, Sr. in Littleton, Massachusetts (Cobb-Vantress, Inc., 2019a).  Between 1916 
and the late 1940’s many primary poultry breeding companies arose.  In 1948 the first “Chicken 
of Tomorrow Contest” was held at the University of Delaware Agriculture Experiment Station in 
Georgetown, Delaware and sponsored by retail food chains.  The aim was to evaluate which 
primary breed produced broilers of the best quality; growing the biggest broiler in the least 
amount of time with the least cost (Bay State Film Productions, Inc., and USDA, 1948).  The 
second and final “Chicken of Tomorrow Contest” contest was held in 1951 at the University of 
Arkansas Agriculture Experiment Station in Fayetteville, Arkansas.  United States Vice 
President Alvin Berkley presented Mr. Charlie Vantress, the breed contest winner, with the 
Chicken of Tomorrow contest top award in Razorback Stadium with a crowd of 8,000 attendees 
(University of Arkansas College of Agriculture, 1951).  These were the only two such contests 
and they led to the broiler chicken of today.   
Selective breeding programs further improved the performance.  For example, Havenstein and 
colleagues (2003) compared the 1957 Athens-Canadian Randombred Control line to the 2001 
Ross 308 line.  Each line was fed diets that replicated broiler diets typical of those fed in 1957 or 
commercially available diets of 2001 (Havenstein et al., 2003).  The broiler from 1957 when fed 
2001 diets reached a 42 d BW of 0.58 kg, whereas the 2001 strain broiler fed 2001 diets reached 
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a 42 d BW of 2.67 kg (Havenstein et al., 2003).  The difference of 2.1 kg was attributed to the 
genetic selection for growth rate.  A similar result was seen with feed conversion.  The 1957 
broiler on 2001 diets had a 0 to 42 d feed conversion ratio of 2.14, while the 2001 broiler on the 
same diets had a 0 to 42 d feed conversion ratio of 1.63 (Havenstein et al., 2003).  Although the 
primary breeders have focused on growth rate and feed conversion of broiler offspring, there 
have also been sire and dam changes in broiler breeders.  This will be discussed in detail later in 
the review. 
High-yielding broiler lines have been developed for their increased carcass yield and, especially, 
that of white meat yield.  Two high-yielding broiler lines, the Cobb 700 and Ross 708 have been 
on the commercial market for about 15 years (Cobb-Vantress, Inc., 2019b; Aviagen, 2019).  The 
Cobb 700 broiler package changed with the introduction of the Cobb MV male in 2015 (Cobb-
Vantress, Inc., 2019).  With each change that the primary breeder makes, there may be 
differences in the nutritional requirements for both the broiler and the broiler breeder. 
PROTEIN NEEDS OF BROILER BREEDERS 
The CP needs for broiler breeders were considered the same as those of laying hens in the first 
published recommendations of the NRC (1960).  Since the first publication of crude protein 
needs of poultry, many researchers have evaluated the CP needs of broiler breeders (Table 1).  
As investigators have honed in on certain traits and breeds, the recommendations for CP and 
lysine have changed.  For instance, the NRC recommendations for CP and lysine in the 1960s 
were 15% CP and 0.50% lysine in of the diet (NRC 1960; 1966).  These recommendations were 
based on the needs of both laying hens and broiler breeders and the diets that were commercially 
available at the time (NRC 1960; 1966).  Chickens do not have a requirement of CP but 
formulating to a CP need indirectly meets the requirement of specific essential amino acids 
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(NRC, 1994).  Waldroup and colleagues (1976) were among the first investigators to include in 
their publication the breed they used in their research.  The need of total CP for the Cobb broiler 
breeder was estimated and led to the recommendation of 20 to 22 g of CP/hen/day (Waldroup et 
al., 1976).  The same breed was evaluated again by Harms and Wilson (1980) who found a need 
for CP of 13.1%; this being equivalent to 23.4 g of CP/hen/day.  This was followed shortly by a 
study by Pearson and Herron (1981) using the Marshall broiler breeder line.  In this study they 
evaluated the birds using two different levels of crude protein; 24.6 g of CP/hen/day and 19.4 g 
of CP/hen/day (Pearson and Herron, 1981).  Their work did not lead to a requirement of the 
Marshall line.  However, their findings of better egg production for hens fed 19.4g of CP/hen/day 
suggested that the needs of the Marshall line were lower than the NRC recommendations of the 
time (Pearson and Herron, 1981; NRC 1966).  These and other publications (Powell and Gehle, 
1977; Harms, 1980; Pearson and Herron, 1981) led to the specific recommendations for broiler 
breeders instead of all laying birds (NRC, 1984).  These recommendations reduced the 
recommendations of CP from 15% to 14.5%, but with an increased total lysine need from 0.50% 
to 0.64% (NRC, 1984). 
Up until the 1984 NRC, recommendations focused on CP percentage for total maintenance at 
peak egg production, not on the CP needs of broiler breeders specifically (Table 1).  In 1984, 
Wilson and Harms evaluated the total need of CP for the Cobb line and found it to be 20.6 
g/hen/day.  This was a marked decrease from the 23.4 g/hen/day that was reported by the same 
investigators 4 years earlier (Harms and Wilson, 1980).  Since the work of Harms and Wilson 
(1980), research evaluating the needs of CP of broiler breeders has been relatively sparse.  
Following this work, individual strains have been evaluated at different levels of CP (Pearson 
and Herron, 1981; Proudfoot et al., 1985; Spratt and Leeson, 1987; Lopez and Leeson, 1995; 
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Van Emous et al., 2015a; Lesuisse, et al., 2017), but no CP titrations have been conducted to 
estimate amino acid density optimization for broiler breeder lines. 
The first breeder lines evaluated for their specific CP needs were Hubbard and Arbor Acres 
(Table 1).  In a Hubbard strain, egg production was greater at lower CP (19 g/hen/day) compared 
to higher CP (25 g/hen/day) (Spratt and Leeson, 1987).  The first lysine titration trial examined 
lysine needs of a Hubbard broiler breeder line (Bowmaker and Gous, 1991).  They found the 
Hubbard’s need for lysine to be 82.75 mg/kg of bird weight/d for maintenance and 793 mg/d for 
a 3 kg Hubbard female broiler breeder producing a 45 g egg per day (Bowmaker and Gous, 
1991).   
There has been limited nutritional research on high-yielding broiler breeders.  Research on these 
lines has evaluated age of photo-stimulation and pullet rearing BW of the Ross 708 (Renema et 
al., 2007; Robinson et al., 2007; Romero et al., 2009a; 2009b; 2011; Wenger et al., 2017).  
Reducing BW variation at light stimulation did not influence variation of egg production 
(Romero, 2009a; 2009b). Moreover, hens with reduced energy maintenance requirements were 
able to use more energy for egg production (Romero, 2009a; 2009b). The lack of research on 
high-yielding broiler breeder lines leads to a series of questions about their needs of CP.  These 
are summarized in Table 3.  The dietary needs of these broiler breeder strains warrant assessment 
for both rearing and laying phases throughout the entire laying cycle (Table 3).  Hence, the CP 
needs of broiler breeders have changed over time and have been found to be different between 
standard commercial broiler breeder lines.  This suggests that the needs of the high-yielding 





BROILER BREEDER DIETARY CRUDE PROTEIN EFFECTS ON PROGENY 
Broiler breeder’s dietary CP intake and its influence on their progeny has been extensively 
reviewed (Kidd 2003).  This suggested that the CP needs are lower than previously thought 
(Kidd 2003).  Many of the original papers included are in Table 1, which also includes work 
conducted since the compilation by Kidd (2003). 
Enting and colleagues (2007) evaluated the performance of Cobb 500 broiler breeders on 
different levels of ME and CP from 4 to 60 wk of age.  Control birds were fed a diet with 2,800 
kcal/kg ME and 15.3% CP from 25 to 30 wk of age, followed by 2,800 kcal/kg and 13.9% CP 
from 31 to 60 wk of age (Enting et al., 2007).  The experimental groups were fed either a 11% 
lower density feed in comparison to the control birds from 25 to 60 wk of age, a 21% lower 
density feed from 25 to 60 wk of age compared to control birds, or a combination group that was 
fed 11% lower density feeds from 25 to 30 wk of age followed by the control diet from 31 to 60 
wk of age (Enting et al., 2007).  The highest rate of lay was in the 11% lower density fed group 
(Enting et al., 2007).  Moreover, there were no adverse effects of the lower protein diet on egg 
weight, fertile eggs or hatching eggs (Enting et al., 2007).  Although this study examined the 
combination of reducing ME and CP, its conclusions agreed with those of Kidd (2003) namely 
that lower protein diets do not adversely affect progeny.  In this study there was a progeny 
advantage of increased egg weight resulting in increased chick weight due to lower CP intake 
(Enting et al., 2007). They concluded that the increase in egg size was a result of delayed egg 
production for the hens fed lower CP diets (Enting et al., 2007).  
Mejia and colleagues (2013) evaluated amino acid needs of Cobb 500 broiler breeders in two 
studies.  In the first study they evaluated the hens from 35 to 45 wk of age fed corn and soybean 
meal diets with four digestible Lys treatments: 1,200 mg/hen per d; 1,010 mg/hen per d; 1,010 
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mg/hen per d using a semipurified amino acid diet, and 600 mg/hen per d using a semipurified 
amino acid diet (Mejia et al., 2013).  Feeding the corn and soybean meal diet with 1,010 mg/hen 
per d resulted in progeny with increased hatching BW, reduced feed intake from 0 to 42 d of age, 
and reduced feed conversion from 0 to 42 and 56 d of age feed conversion (Mejia et al., 2013).  
In a second study Cobb 500 hens were fed one of four digestible Lys diets:  1,000 mg/hen per d 
of digestible Lys (corn and soybean meal); 1,000 mg/hen per d of digestible Lys (corn and 
soybean meal + 25% inclusion of dried distillers grains, DDG); 800 mg/hen per d of digestible 
Lys (corn and soybean meal + 25% inclusion of DDG); or 600 mg/hen per d of digestible Lys 
(corn and soybean meal + 25% inclusion of DDG).  In this study, they found no differences in 
the progeny hatched from eggs collected from 26, 31 and 36 wk old hens (Mejia et al., 2013).   
Moraes and colleagues (2014) evaluated Ross 708 broiler breeders on four different rearing diets 
(2,508 kcal/kg ME and 13.8% CP; 2,547 kcal/kg ME and 15.5% CP; 2,727 kcal/kg ME and 
13.5% CP; or 2,745 kcal/kg ME and 15.0% CP) followed by one of two laying diets (2,800 
kcal/kg ME and 15.1 CP; or 2,900 kcal/kg ME and 15.0% CP).  This study found that increased 
CP intake per maternal metabolic BW resulted in increased progeny BW and carcass yield 
(Moraes et al., 2014).  However, this study did not consider the needs of the breeder or effects on 
egg production. 
The dietary needs of broiler breeder pullets have been examined.  Three levels of CP fed to the 
Ross 308 pullets from two different 20 wk BW were evaluated by van Emous and colleagues 
(2015).  The 20-wk old pullet BW were either 2,200 g (standard) or 2,400 g of BW (high) and 
were fed diets with either 17.3, 16.0 or 14.8% CP (van Emous et al., 2015b).  They found higher 
fertility and increased hatch in the dams with the heavier 20 wk BW (van Emous et al., 2015b).  
The only effect on the progeny observed was an increase in feed intake when the hens were fed 
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low protein diets (van Emous et al., 2015b).  It was concluded low dietary CP did not impact 
breeder performance but influenced feed intake of the progeny (van Emous et al., 2015b). 
Pureline Ross broiler breeders were evaluated in the pullet rearing phase by being fed either 
commercial Ross 308 diets of 21.9% CP starter from 0 to 21 d; 19.5% CP starter 2 from 22 to 42 
d; 15.7% CP grower diet from 43 to 105 d; 16.2% CP pre-breeder diet from 106 to 154 d; and 
16.2% CP breeder diet from 155 d to the end, or a program in which these diets in each phase 
were decreased by 25% (Lesuisse et al., 2017).  Male progeny from 30 to 31 wk of age hens fed 
the 25% reduced CP diets had increased BW (Lesuisse et al., 2017).  However, the opposite was 
found of the female progeny (Lesuisse et al., 2017).  The BW of female progeny BW were 
highest when hens were fed the commercial diets (Lesuisse et al., 2017).  This resulted in the 
feed conversion being lowest for the female progeny of the hens fed the commercial diets 
(Lesuisse et al., 2017).  Even though these results differed by gender, it was concluded that there 
is an epigenetic effect of the CP intake of the hens on the progeny (Lesuisse et al., 2017). 
The most recent published study on progeny effects from maternal treatments is that of van 
Emous and colleagues (2018) using the Ross 308 line.  This study employed either low CP diets 
(13.5% from 22 to 34 wk, 12.5% from 35 to 46 wk, and 11.5% from 47 to 60 wk of age) or high 
CP diets (15.0% from 22 to 34 wk, 14.0% from 35 to 46 wk, and 13.0% from 47 to 60 wk of 
age) fed to the broiler breeder hens (van Emous et al., 2018).  The only maternal effect observed 
was that hens fed higher CP diets had the highest BW (van Emous et al., 2018).  There were no 
effects on total egg production or egg weight (van Emous et al., 2018).  Moreover, there were no 
effects of hen CP intake on BW gain, feed intake, feed conversion ratio, mortality or carcass 
yields in progeny (van Emous et al., 2018).  This would agree with the summary by Kidd (2003) 
that lowering CP of the maternal diets does not adversely affect their progeny. 
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CRUDE PROTEIN FED TO HIGH-YIELDING, LATE-MATURING BROILERS 
Although broilers require dietary essential amino acids and a nitrogen pool to synthesize 
nonessential amino acids, target CP levels in corn and soybean diet formulations are provided as 
guidelines.  Table 2 compares the current NRC recommendations with the primary breeder’s 
recommendations for their respective high-yielding broiler strains (NRC, 1994; Aviagen, 2014; 
Cobb-Vantress, Inc., 2008).  The NCR 1994 recommendations of CP and total lysine fed to 
broilers is the following: 
23% CP with 1.10% total lysine from 0 to 3 wk of age 
20% CP with 1.00% total lysine from 3 to 6 wk of age 
18% CP with 0.85% total lysine from 6 to 8 wk of age   
In comparison the primary breeder recommendations are similar for CP, but they are increased in 
total lysine.  The recommended diets for the Cobb 700 (2008) are the following: 
22% CP with 1.35% total lysine from 0 to 10 d of age 
20% CP with 1.20% total lysine from 11 to 22 d of age 
19% CP with 1.10% total lysine from 23 to 42 d of age 
17.5% CP with 1.05% total lysine from 43 d of age until the end of the flock 
The Aviagen recommendations for the Ross 708 (2014) are similar:   
23% CP with 1.44 total lysine from 0 to 10 d of age 
21.5% CP with 1.29% total lysine from 11 to 24 d of age 
19.5% CP with 1.15% total lysine from 25 to 39 d of age 
18.3% CP with 1.08% total lysine from 40 d of age to market   
Corzo and colleagues (2006) evaluated the lysine needs of the Hubbard Ultra Yield males and 
females between 42 to 56 d of age.  Birds were fed seven different levels of total lysine from 
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0.68 to 1.10% total lysine, where 0.96% total lysine was considered the control diet (Corzo et al., 
2006).  The estimated total dietary need of lysine for all performance measures of the male 
Hubbard Ultra Yield was 0.93% (0.85% digestible lysine) (Corzo et al., 2006).  It was further 
concluded that the need of lysine was lower for the female broilers (Corzo et al., 2006). 
The digestible lysine needs of Ross 708 female broiler chickens have been evaluated between 1 
to 15 d of age using seven levels of digestible lysine levels ranging from 0.95 to 1.43% digestible 
lysine with 1.27% representing the control diet (Dozier and Payne, 2012).  The needs of female 
Ross 708 broilers for digestible lysine were 1.35% for 1 to 7 d of age BW gain, 1.38% for 1 to 7 
d feed conversion, and 1.27% for 1 to 14 d of age BW gain (Dozier and Payne, 2012).  These are 
markedly higher than the NRC recommendations of 1.10% total Lys in the early phase of broiler 
growth (NRC, 1994; Dozier and Payne, 2012). 
Similarly, Dozier and colleagues (2009) evaluated the needs of Ross 708 male and female 
broilers from 14 to 28 d of age using 10 levels of digestible lysine from 0.84 to 1.23%, where 
1.23% was considered their control (2009).  The estimated need of digestible lysine for male and 
female broilers for BW gain was 1.09 and 0.98% respectively, and the estimated need of 
digestible lysine for male and female broilers for feed conversion ratio was 1.15 and 0.99%, 
respectively (Dozier et al., 2009).  This study not only showed a difference in the needs of the 
Ross 708 in comparison to the NRC recommendations, but also showed the different needs of 
digestible lysine between genders. 
The needs of Ross TP16 and Cobb 700 male broilers for digestible lysine were evaluated from 
28 to 42 d of age using nine levels of digestible lysine from 0.64 to 1.20% with 0.99% was 
considered as the control diet (Dozier et al., 2010).  The needs of digestible lysine for the Ross 
TP16 male broiler were 0.99% for BW gain, 1.05% for feed conversion ratio and 0.92% for 
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carcass yield (Dozier et al., 2010).  The needs of digestible lysine for the Cobb 700 male broiler 
from 28 to 42 d of age was found to be 0.97% for BW gain, 1.01% for feed conversion ratio and 
0.96% for carcass yield (Dozier et al., 2010).  The recommendation of Cobb for the 700 
combined rearing of males and females is 0.99% digestible lysine from 23 to 42 d of age (Cobb-
Vantress, Inc., 2008).  The results of Dozier and colleagues (2010) agree with the 
recommendations of the Cobb 700 broiler nutrition recommendations (Cobb-Vantress, Inc., 
2008).  Their work suggests the average need of digestible Lys for all live broiler performance 
measurements lies between 0.97 and 1.01% (Dozier III et al., 2010). 
The Ross 708 male and female needs for digestible Lys from 49 to 63 d of age were evaluated by 
Dozier and colleagues (2008).  Birds were fed diets with seven different levels of digestible 
lysine from 0.50 to 1.04% digestible lysine, where 0.86% digestible lysine was considered the 
control diet (Dozier et al., 2008).  The needs for digestible Lys for male and female broilers from 
49 to 63 d of age for BW gain were 0.86 and 0.79%, respectively (Dozier et al., 2008).  The 
needs for digestible Lys for male and females from 49 to 63 d of age for feed conversion ratio 
were 0.88 and 0.83%, respectively for male and female broilers (Dozier III et al., 2008).  The 
needs for digestible lysine for the Ross 708 from 49 to 63 d of age are higher than the 
recommendation of the NRC 1994 (Aviagen, 2014; NRC, 1994). 
MATERNAL DIETARY CRUDE PROTEIN EFFECT ON HIGH-YIELDING PROGENY 
There is little published research on the nutritional needs of high-yielding broiler breeder lines.  
This is because research with these broiler breeders requires specific facilities, is costly, and has 
a long experimental duration.  The only report that investigated high-yielding progeny was that 
of Moraes and colleagues (2014).  This study evaluated the performance of progeny based on the 
dietary CP and ME intake of the dams.  This study employed Ross 708 progeny examining 
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responses to different CP and ME in the diets of the dams, but it did not evaluate the CP needs of 
the progeny themselves (Moraes, 2014).  This study did find a reduced female progeny BW 
between 22 to 36 d from hens fed low CP during rearing (Moraes, 2014). There is a strong case 
to investigate the CP needs of Cobb 700 dams and its impact on the performance of the progeny. 
There is also a lack of knowledge of the CP needs of the progeny per se.  This question along 
with others, that need to be evaluated for the high-yielding progeny are included in Table 4.  
These questions include the epigenetic effect of pullet and hen CP and dietary amino acid 
programs on their progeny.  Is there any effect from high-yielding breeder strain dam upon 
broiler live production traits or carcass yields?  Answers to some of these questions could 
influence global protein supply.  Commercial implications for fine tuning dietary CP for broiler 
breeders and their progeny include: reducing the carbon footprint, nitrogen concentrated output, 
water consumption, and ultimately protein availability for human consumption. 
CONCLUSIONS 
The needs of CP and lysine for high-yielding broiler breeders, high-yielding broilers and the 
maternal effects of high-yielding lines upon their progeny have not been well established.  The 
CP needs of modern broiler breeders and of their progeny have evolved and continue to change 
with improving genetic selection of the birds.  The questions posed in Tables 3 and 4 need to be 
addressed in high-yielding lines.  As the demand of these lines continue to increase in the United 
States market due to their high-yield of breast meat, so will the demand of knowledge in their 
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Table 1:  Past research of broiler breeders and differing levels of dietary crude protein1 and dietary lysine2. 
Parameter investigated Factor considered Requirement/Results3 Lines Authors 
Progeny growth rate Dams fed either a practical diet or 
different semipurified diets 
Increased chick growth rate of 
progeny from practice diets3 
Laying hens Jensen and 
McGinnis, 1957 
Total requirement at peak egg 
production 
Crude protein 15% Laying hens NRC, 1960; 1966 
Total lysine 0.50% of Ration 
Progeny growth rate Diet density levels:  14.6% CP with 
2,490 kcal/kg ME, or 17.5% CP with 
2,880 kcal/kg ME 
Increased chick growth rate of 
progeny from higher density fed hens3 
Meat-type 
hen 
Aitken et al., 
1969 
Total requirement Crude protein levels:  14, 16, 18, 20 
and 22 g/hen/day 
20-22 g/hen/day Cobb Waldroup et al., 
1976 
Total requirement:  broiler breeder of 
3.5 kg, producing 52.7 g of egg 
output/day and gaining weight at a rate 
of 4 g/day 
Total lysine:   
Model verification 
0.76 g/hen/day3 Not reported Bornstein et al., 
1979 
Total requirement Crude protein levels:  10.61, 11.84, 
13.07 and 14.3% of diet 
13.07% crude protein = 23.4 g of 
crude protein/hen/day 
Cobb Harms and 
Wilson, 1980 
Egg production  Crude protein:  24.6 and 19.4 g of 
protein/hen/day 
19.5 g/hen/day3 Marshall Pearson and 
Herron, 1981 
Total requirement at peak egg 
production 
Crude protein 14.5% of diet Broiler 
breeders 
NRC, 1984 
Total lysine 0.64% of diet 
Total requirement % of nutrient requirements (23 g of 
crude protein/hen/day):  100, 92.5, 
89.4, 86.6, 83.4 and 80.9% 
20.6 g/hen/day Cobb Wilson and 
Harms, 1984 
Egg production 938 mg/d 
Egg production Crude protein:  17 and 15% 17%3 4 Dwarf 
Lines 
Proudfoot et al., 
1985 
Egg production Crude protein levels:  19 and 25 
g/hen/day 
Metabolizable energy:  325, 385 and 
450 kcal/kg 
19 g of crude protein/hen/day3 Hubbard Spratt and 
Leeson, 1987 
Maintenance Lysine titration:  10 diets from 1.98 to 
8.60 g of lysine/kg of diet 
82.75 mg/kg/d Hubbard Bowmaker and 
Gous, 1991 Total requirement:  broiler breeder of 






Table 1:  Past research of broiler breeders and differing levels of dietary crude protein^ and dietary lysine††.  (continued) 
Parameter investigated Factor considered Requirement/Results† Lines Authors 
Egg production Lysine Titration:  938, 848, 804, 760, 
715, 674 and 626 mg/hen/day 
823.6 mg/hen/day Arbor Acres Harms and Ivey, 
1992 Egg weight 806.1 mg/hen/day 
Egg mass 818.7 mg/hen/day 
Total requirement at peak egg 
production 
Crude protein 19.5 g/hen/day Broiler 
breeders 
NRC, 1994 
Total lysine 765 mg/hen/day 
Egg production Lysine Titration:  900, 845, 790, 735, 
691 and 627 mg/hen/day 
844.9 mg/hen/day Arbor Acres Harms and 
Russell, 1995 Egg mass 844.8 mg/hen/day 
Egg content 844.8 mg/hen/day 
Chick weight Crude protein levels:  9, 11, 13 and 
15% fed to older hens 
15% CP† Hubbard Lopez and 
Leeson, 1994 
Egg production Crude protein levels:  10, 12, 14 and 
16% 
16 g/hen/day = 10% crude protein3 Hubbard Lopez and 
Leeson, 1995a; 
1995b 
Fertility 10 and 12% crude protein3 
Chick weight 12, 14 and 16% crude protein3 
Total requirement per bird Lysine:  Fisher Model 893 mg/bird/d Fisher 
Model 
Fisher, 1998 




Crude protein and ME:  high, medium 
and low fed from 0 to 21 wk 
No effect Cobb 500 Brake et al., 2003 
Progeny growth rate, 21 d High density diets 
Egg production Crude protein:  high, medium and low 
rearing feeds, changed at phases 
No differences3 Ross 308 Van Emous et al., 
2015a 
Maintenance Lysine levels: 0, 10, 20, 30 and 40% 
of NRC, 1994 estimated requirement 
145 mg/d, 81 mg/kg⁰˙⁷⁵/d, and 295 
mg/kg of crude protein/d 
Cobb 500 Sakomura et al., 
2015 
Egg production Crude protein:  25% reduction of 
crude protein in all phases:   
Example breeder diets:  control=16.16 
and 25% reduced=11.55% crude 
protein 





1Total dietary crude protein as a percentage or amount of diet. 
2Total dietary lysine as a percentage or amount of diet 
3Results reported would not represent a dietary need of crude protein or lysine due to lack of differing levels of investigation of the 





Table 2:  Primary breeder targets for dietary CP and total lysine fed to high-yielding broiler 
strains1 and the recommendations of the NRC 1994. 
 Crude protein  Total lysine 
Broiler age NRC2 Cobb 700 Ross 708  NRC Cobb 700 Ross 708 
0 to 3 wk 23.0%    1.10%   
0 to 10 d  22.0% 23.0%   1.35% 1.44% 
3 to 6 wk 20.0%    1.00%   
11 to 22 d  20.0%    1.20%  
11 to 24 d   21.5%    1.29% 
23 to 42 d  19.0%    1.10%  
25 to 39 d   19.5%    1.15% 
6 to 8 wk 18.0%    0.85%   
43 d to market  17.5%    1.05%  
40 d to market   18.3%    1.08% 
1High-yielding broiler breeds would be the Cobb 700 and Ross 708. 





Table 3:  Questions on CP responses of high-yielding broiler breeder strains in comparison to 
standard commercial broiler breeder strains for production characteristics1. 
Do CP needs differ by strain? 
Are the needs for CP different between lines of high-yielding broiler breeder strains? 
Do CP needs differ by rearing phase by strain? 
What are the needs of CP different broiler breeder strains within the pre-laying phase? 
What are the needs of CP different broiler breeder strains within the laying phase? 
Are the needs for specific amino acids different between strains, especially the need for lysine 
differ? 
Do the ratios for specific amino acids differ by strain? 
Are there effects of maternal CP intake on their progeny, and do they differ by strain? 















Table 4:  Areas of investigation of CP needs of high-yielding broiler progeny for production 
characteristics1. 
Do the CP needs of high-yielding broiler progeny differ depending upon maternal diet? 
Is there an influence in the needs of individual digestible amino acids depending upon 
maternal diets? 
Is there an influence in the needs of digestible amino acid ratios depending upon maternal 
diets? 
Is there an epigenetic effect from the rearing phase CP intake on broiler progeny? 
Is there an epigenetic effect from the rearing phase CP intake on the need of CP of high-
yielding broilers? 
Is there an increased need of digestible lysine of the high-yielding broiler when the maternal 
dietary crude protein levels are different? 
Is there a difference in broiler breeder strains need of CP for optimal progeny performance? 
Is there a combined effect of rearing CP intake and hen CP intake effect on their progeny’s 
need of CP? 
Is there a combined effect of rearing BW curve and hen CP intake effect on their progeny’s 
need of CP? 


























Effect of high or low amino acid diets during egg production on high-yielding Cobb 700 broiler 
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ABSTRACT 
The study examined the effect of two pullet rearing BW curves and two hen amino acid (AA) 
density diets during egg production in Cobb 700 broiler breeders.  Day-old, Cobb 700 broiler 
breeder females were reared on two different BW curves and fed common diets.  The target BW 
curves were set at the breeds recommended BW curve (control) or increased from the 
recommended BW curve by 6%.  At 22 wk of age, the birds were moved to pens in the laying 
house and light stimulated.  Birds received common diets up to 1st egg in the hen house.  At this 
time, birds were placed on either low AA diets or high AA diets (12 replicate pens of each BW 
curve treatment pullets).  Feeding higher AA diets to hens increased: 30 wk BW (P<0.05), 60 wk 
BW (P<0.0001), 30 to 60 wk BW change (P<0.001), 45 wk egg weight (P<0.002), 60 wk egg 
weight (P<0.05); but decreased (P<0.0001) feather coverage scores of the hens.  The interaction 
effects between pullet BW curve treatments and hen dietary AA treatments were the following:  
increased (P<0.05) 60 wk chick weights when the hens had been reared on the control BW and 
fed higher AA as laying hens, and feathering from 32 to 62 wk was worse (P<0.05) when the 




of the higher pullet BW curve were increased (P<0.05) 30 wk egg weight together with, 
decreases in 45 wk egg weight (P<0.01) and feather coverage of the hens (P<0.05) between 32 to 
62 wk.  There were no main effects of pullet BW or hen dietary AA treatments (P>0.05) for total 
egg production, hatching egg production, mortality, 45-wk chick weight or 60 wk chick weight.  
It is concluded that increasing BW of high-yielding broiler breeder pullets neither improved nor 
was detrimental to hen performance.  Increasing dietary AA levels for the broiler breeders’ 
increased egg weights and feather quality, especially as the hens aged and increased chick weight 
from young hens. 
INTRODUCTION 
Poultry consumption, especially that of white breast meat, has been steadily increasing in the 
USA and globally (FAO, 2019; NCC, 2019).  High-yielding broiler strains were introduced to 
meet the demand of white meat consumption (Aviagen, 2019; Cobb, 2019).  There has been little 
research on high-yielding broiler breeders due to the breeds being relatively new to the 
commercial market, the cost of research, and lack of broiler breeder research in general.  An 
exception to this is the series of studies on Ross 708 broiler breeders from the University of 
Alberta (Robinson, 2007; Zuidhof, 2007; Romero, 2009a; Romero, 2009b; Robinson, 2011; 
Wenger, 2017).  Current commercially available high-yielding broiler breeder hens are the Ross 
708 and the Cobb 700 (Aviagen, 2019; Cobb-Vantress, Inc., 2019).   
The high-yielding strains exhibit improved broiler performance differences due to genetic 
selection.  For instance, standard commercial broilers like the Cobb 500 and Ross 308 live BW 
of 2.8 kg results in a carcass yield of 74.3 and 73.4%, and breast meat yield of 23.7 and 22.7%, 
respectively (Aviagen Group, 2014; Cobb-Vantress, Inc., 2015).  In comparison, high-yielding 




74.4 and 74.3%, and breast meat yield of 25.3 and 24.2%, respectively (Aviagen Group, 2014; 
Cobb-Vantress, Inc., 2014).  Hence, modern high-yielding strains have up to 2% more breast 
meat yield over that of standard broiler strains. 
Havenstein and colleagues (2003) compared broilers from a 2001 strain and a 1957 line using 
diets comparable to those from 2001 and 1957.  Their study found that the 1957 broiler fed the 
2001 diets required more than 42 d to reach the 21 d BW of the 2001 broiler fed the 2001 diets 
(Havenstein et al., 2003).  This illustrates the improvements in BW and growth rates of broilers 
achieved by genetic broiler breeding companies up to 2001.  However, this work was done on 
the Ross 308 which would now be considered a standard broiler breed compared to a high-
yielding breed like the Ross 708 (Aviagen, 2019).  The genetic selection of breeders for 
performance has resulted in changes in body composition of breeder hens (Renema and 
Robinson, 2004).  High-yielding broiler breeders have been selected for increased breast meat 
yield and overall meat yield as percentage of live BW in the progeny (Aviagen, 2019; Cobb-
Vantress, Inc., 2019).  Since the work done by Havenstein and colleagues (2003) and the 
introduction of high-yielding broilers, potential answers to questions need to be explored to 
optimize nutrition for breeder performance.    
The current study was designed to evaluate two aspects of the nutritional needs of a high-
yielding broiler strain, the Cobb 700.  The study first investigated whether an increased rearing 
BW improves hen and progeny performance in this high-yielding breed.  Females were reared on 
two different BW curves: the control set at the Cobb 700 breeder management supplement 
recommendations (Cobb-Vantress, 2018) and an increased BW curve resulting in an increase of 




the low and high AA diets examining the dietary protein needs of the high-yielding breed for 
performance. 
MATERIALS AND METHODS 
Pullet Rearing Phase 
Day-old broiler breeder females (Cobb 700) were placed into a complete light controlled pulled 
house at the University of Arkansas Broiler Breeder Research Farm managed by Cobb-Vantress, 
Inc. (Fayetteville, Arkansas).  The birds were placed randomly into 16 pens (290 birds per pen).  
The dimensions of the pens were 5.49 x 5.52 meters resulting in an area of 30.30 meters² (9.57 
females per m²).  Pullet lighting regimen: continuous light (24L:0D) for the first three d, 16L:8D 
from four d to 14d, and 8L:16D between 14 and 154 d of age.  The light intensity throughout 
rearing was 5 lx.  The bedding material in the pens was kiln dried pine shavings at a depth of 12 
cm.  The birds received water ad libitum via Ziggity (Ziggity Systems, Inc., Middlebury, 
Indiana) nipple water lines (1 nipple per 3.6 birds). During the brooding phase (0 to 10 d of age) 
eight supplemental Biddy drinkers (Big Dutchman, Vechta-Calveslage, Germany) were utilized 
per pen.  Feed was administered via 18 hanging can feeders per pen (16 birds per pan).  During 
the brooding phase (0 to 10 d of age) eight paper feed lids were utilized for feeding as well. 
The study evaluated whether growing pullets of a high-yielding strain (Cobb 700) to a greater 
BW improves hen and/or progeny performance.  Eight pens designated for the control (C) BW 
treatment and pullets were reared according to the Cobb 700 Breeder Management Guide weight 
standards (Cobb-Vantress, Inc., 2018).  The birds in the other eight pens were reared on an 
increased body weight curve (I) compared to the control BW targets (Cobb-Vantress, Inc., 2019).   




16 wk, 6.3% at 20 wk, and 4.1% at 24 wk.  The amount of feed provided was set to achieve 
desired BW per treatment.  Both treatments were fed a chick starter diet (Table 1) ad libitum 
from 0 d to 28 d of age.  The pullets were then transitioned to the pullet grower diet (Table 1) on 
a 5 d “ON” and 2 d “OFF” feeding regimen from 28 d to 126 d of age.  The birds were then fed a 
pre-laying diet (Table 1) on the same feeding regimen (5 d “ON” feed and 2 d “OFF” feed) until 
they were moved to the breeder house at 154 d of age.  Each batch of feed was monitored to 
ensure feeds were within specifications of diets.   
At day of hatch, all breeder chicks were weighed in groups of 100 chicks to obtain an average 
chick BW.  After this initial weighing, 30 random pullets per pen were weighed weekly in the 
rearing house.  Feed consumption, water consumption, and mortality were recorded daily by pen.  
At 147d of age, two pullets per pen were euthanized by rapid cervical dislocation and the 
following measurements were taken:  BW, leg shank length, mm; keel length, breast width, 
abdominal fat, heart, liver, spleen, and bursa weight. 
Breeder Phase 
Two-thousand and forty females per pullet treatment (4,080 total females) were moved from the 
pullet rearing house to the breeder house at 154 d of age.  Each pullet treatment was randomly 
divided into 24 pens (48 total pens).  Twelve random pens of each pullet treatment were assigned 
to either the low AA breeder diets (L) or the high AA breeder diets (H), making four breeder 
treatment combinations as follows: control BW pullets fed low AA breeder diets (CL), control 
BW pullets fed high AA breeder diets (CH), increased BW pullets fed low AA breeder diets (IL) 




Hens received the following daylengths:  12:12D from 154 d to 168 d of age, 13L:11D from 169 
d to 182 d of age, 14L:10D from 183 d to 196 d, and finally 16L:8D from 197 to 448 d; at an 
intensity of 10 lux.  The breeder hens were fed the same pre-lay diet given in rearing phase until 
1st egg (Table 1).  First egg occurred at 168 d of age.  After 1st egg the hens were transitioned to 
their treatment breeder 1 diet (Table 2) and fed this diet until 315 d old.  At 316d of age, the hens 
were transitioned to their treatment respective breeder 2 diet (Table 2).  Daily feed consumption, 
egg production and mortality were recorded by pen.  Nine random hens per pen were weighed 
weekly.  Feather coverage scores of 25 birds per pen were taken every 28 d beginning at 224 d.  
The feather coverage was scored on the following numerical scale; good feathering = 0, ruffled 
feathering = 1, < 5 cm bare spot on hen’s back = 2, > 5 cm bare spot on hen’s back = 3 and bare 
spot on hen’s back with scratches = 4 (the higher the feathering score equates to the poorer the 
feathering).   
At move, seven Cobb MV males were placed in each breeder pen to provide male fertility and, 
hence, progeny.  These males had been reared in one pen in the same rearing facility as the 
pullets and reared to the Cobb MV management guide weight curve (Cobb-Vantress, Inc., 2017) 
using the same feeds the pullets were fed (Table 1).  Due to the common rearing source there 
was no male effect for the experiment.   
Statistical Analysis 
This study was a randomized complete design with a 2 x 2 factorial arrangement (2 pullet rearing 
weight curves x 2 breeder dietary treatments).  There were 8 replicates in the rearing phase and 
12 replicates in the breeder phase.  Analysis of variance was performed using JMP 14 software, 




interactive effects with a P-value <0.05 considered significant.  Generalized regression was used 
to determine the intercept and response estimates for production parameters. 
RESULTS 
Pullet Phase 
As would be expected, pullet BW were different (P<0.0001) between the control BW and 
increased BW treatments at 4wk of age and continued to be different (P<0.0001) through 24wk 
of age (Table 3).  Similarly, feed intake from 0 to 22wk of age differed (P<0.0001) between the 
control (C) treatment and the increased (I) BW treatments.  Mortality of the pullets from 0wk to 
20w of age was not different (P>0.05) between the pullet treatments of C and I BW.  There were 
no shank length, or breast width differences (P>0.05) between pullet treatments of C and I BW at 
21 wk.  However, 21 wk breast keel length was longer (P=0.0237) for birds with I BW.  
Abdominal fat pad weights at 21 wk was increased (P=0.0197) for birds with I BW, however by 
26 wk of age there was no effect (P>0.05) of abdominal fat between the two pullet BW 
treatments.  Organ weights of liver, heart and bursa at 21 wk did not differ (P>0.05) for the pullet 
BW treatments.  However, the 21 wk spleen weights were increased (P=0.0321) when pullet BW 
were increased. 
Breeder Phase 
There were effects of both pullet and hen treatments on the performance of the broiler breeder 
hens.  Tables 4, 5 and 6 summarize p-values, interaction and main treatment effects of pullet and 
hen treatments and main treatment effects of pullet and hen treatments, respectively.  






There were no two-way interactive effects of pullet BW and hen dietary AA for 30 wk BW, 60 
wk BW, 30 to 60 wk BW Δ, 25 to 64 wk mortality, 32 to 62 wk good feather scoring, 32 to 62 
wk moderate feather scoring and 32 to 62 wk poor feather scoring (P>0.05).  There was a main 
hen dietary AA effect of increased 30 (P<0.0137) and 60 wk (P<0.0001) hen BW, 30 to 60 wk 
BW change (P=0.0006), and 32 to 62 wk poor feather scoring (P<0.0001) for hens fed H AA.  
There was no effect of pullet BW treatment effect on 30 or 60 wk BW, and 32 to 62 wk good or 
moderate feather scores (P>0.05).  No main effects (P>0.05) were found for pullet BW or hen 
dietary AA treatments on 25 to 64 wk mortality.  There was a main hen dietary AA treatment 
effect on 32 to 62 wk good and moderate feather scores being increased (P<0.0001) for hens fed 
H AA. 
Egg Characteristics 
Total and hatching eggs per hens housed did not differ (P>0.05) between the pullet BW and hen 
AA treatment interaction or main effects (Tables 4, 5 and 6).  No interactions (P>0.05) between 
pullet BW and hen AA dietary treatments were found for 30 or 45 wk egg weight; however, 
there was an interaction (P=0.0471) for 60 wk egg weight.  Sixty wk egg weight was highest 
(P=0.0471) for the interaction of CH, and lowest for the interaction of CL, with IL and IH being 
intermediate.  There was a main pullet BW effect of increased 30 wk egg weight (P=0.0228) for 
I BW pullets; however, there was no main hen AA effect on 30 wk egg weight (P>0.05).  There 
was a main pullet BW effect of increased 45 wk egg weight (P=0.0089) of C BW pullets, and a 
main hen AA effect of increased 45 wk egg weight (P=0.0018) of H AA fed hens.  There was no 
main pullet BW effect on 60 wk egg weight (P>0.05); however, there was a main hen dietary AA 





There were no interactions (P>0.05) found between pullet BW and hen dietary AA treatments 
found for progeny chick weight.  There was a main hen dietary AA treatment effect of increased 
(P=0.0205) progeny chick weight from the 32 wk old hens fed H AA.  There were no main pullet 
BW treatment effects for 32, 45 or 60 wk progeny chicks (P>0.05), and no main hen dietary AA 
treatment effects for 45 or 60 wk progeny chicks (P>0.05). 
DISCUSSION 
There was only one interaction between the pullet phase and breeder phase treatments, therefore 
only the main effects will be discussed. 
Effects of Pullet Body Weight on Hen Performance 
There is evidence that increased deposition of carcass fat in the rearing phase is accompanied by 
greater numbers of both total eggs and total hatching eggs produced by broiler breeders (van 
Emous et al., 2015; Robinson et al., 2007).  In the present study, there were no differences in the 
percentage of abdominal fat at 26wk of age resulting in no difference in total egg and hatching 
egg production (Tables 4, 6 and 7).  Increasing the pullet BW only had a positive effect in 
increasing egg weights up to 45-wk of hen age (Table 4, 5, 6 and 7).  This would agree with 
early work where increased BW of broiler breeders resulted in increased egg weight, but not 
increased total egg production (McDaniel, 1983).  However, increasing the pullet BW had a 






Effects of AA Diets on Hen Performance 
Increasing dietary AA from 14% (low AA) to 15% (high AA) of the diet resulted in increased 
body weights (Tables 4 and 7). This would agree with previous studies where BW was increased 
when the dietary protein concentration was elevated (Spratt and Leeson, 1987; Lopez and 
Leeson, 1995).  The increase of amino acids fed to the high-yielding broiler breeders did not 
increase total egg production or total hatching egg production (Tables 4, 6 and 7).  This agrees 
with previous studies of standard commercial broiler breeders (van Emous et al., 2015; van 
Emous et al., 2013; Lopez and Leeson, 1995; Spratt and Leeson, 1987; Proudfoot et al., 1985).   
The increase in AA was; however, associated with higher egg weights from broiler breeders that 
were 45-wk old or older (Tables 4, 6 and 7).  Unfortunately, these increased egg weights did not 
affect chick weights.  Similarly, increased egg weight results were seen by Lopez and Leeson 
(1995) with greater dietary crude protein.  In contrast, such effects were not seen in other studies 
(van Emous et al., 2015; van Emous et al., 2013). Chick weights were only increased by 
increased AA in 32-wk old Cobb 700 broiler breeders which also agrees with the work by Lopez 
and Leeson (1995).  However, while there were increased chick weights from older hens (Lopez 
and Leeson, 1995), there were no differences in chick weights as the hens aged in the present 
study. 
Increased AAs of the laying diets resulted in better feather coverage from 32wk to 62wk of age, 








High-yielding broiler breeders do not require increased BW in the rearing phase or increased 
crude protein laying diets due to being selected for increased skeletal protein deposition for 
increasing laying performance.  Increasing the pullet BW and/or increasing laying dietary crude 
protein levels would only result in an increased pullet cost due to the increased feed required to 
achieve the increased BW and increased egg cost due to the cost of amino acids.  One benefit 
that may need to be evaluated is increasing amino acids of high-yielding broiler breeders up to 
40 weeks of age for increased chick weight.  Increasing chick weight from young hens could 
prove profitable in decreasing early chick mortality.  The only other benefit that this study 
suggests is that increasing hen amino acid dietary intake may improve feather coverage during 
lay.  More work should be done to evaluate high-yielding breeders and their needs for feather 
quality. 
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Table 1:  Diets fed to Cobb 700 pullet and cockerel chickens. 
 Diets fed to birds  
Chick starter Pullet grower Pre-lay 
Weeks fed 0 to 4 wk 5 to 18 wk 19 wk to 1st Egg 
Ingredient, % of diet    
Corn 61.17 51.76 59.61 
Soybean meal 48% 30.50 12.38 15.30 
Wheat middlings 5.05 27.81  19.88 
Distillers dried grains - 4.50 2.29 
Phosphate, deflourinated 1.85 1.42 1.50 
Trace mineral premix1 0.10 0.10  0.10  
Vitamin premix2 0.05  0.06  0.06  
Limestone 0.62 1.10 0.93 
Salt 0.14 0.17  0.15  
Lysine - 0.01  -    
L-Threonine 98% 0.03 0.01  0.02 
Poultry fat 0.25 0.05  -    
MHA Liquid 0.15  0.11  0.09 
Choline 0.09  0.07  0.08  
    
Nutrient, % of diet    
ME, kcal/kg 2,846 2,648 2,747 
CP 19.28 14.50 15.00 
Calcium 0.95 0.95 0.95 
Sodium 0.15 0.15 0.15 
Total phosphate 0.71 0.76 0.73 
Crude fat 2.26 2.92 2.58 
1Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 
Iron 45 ppm, Iodine 3.5 ppm, Copper 125 ppm 
2Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 











Table 2:  Ingredients and nutrients of diets fed to Cobb 700 parent broiler breeder hens from 1st 
egg to 45 weeks and 45 weeks to 64 weeks of age with either low or high AAs.   
 Breeder 1 diets  Breeder 2 diets 
    
 Low AA High AA  Low AA High AA 
Item 1st egg to 45 wk  45 to 64 wk 
Ingredients, % of diet      
Corn                   65.7 66.5  65.1 65.1 
Soybean meal                            14.7 20.1  11.0 17.6 
Wheat middlings                  5.8 5.3  1.8 - 
Distillers dried grains 5.6 -  13.4 8.6 
Limestone                 5.5 5.3  6.8 6.6 
Phosphate                 1.70 1.82  1.3 1.4 
Fat, poultry                             0.25 0.25  - - 
Salt 96+%                               0.19 0.20  0.15 0.16 
Alimet1                                   0.09 0.16  0.08 0.14 
Trace mineral premix2           0.10 0.10  0.10 0.10 
Choline Cl-70%                          0.10 0.10  0.09 0.08 
Vitamin premix3                 0.07 0.07  0.07 0.07 
S-Carb4                                   0.05 0.05  0.05 0.05 
Larvadex5                                0.05 0.05  - - 
Threonine 98%                           - 0.03  - 0.02 





Table 2:  Ingredients and nutrients of diets fed to Cobb 700 parent broiler breeder hens from 1st 
egg to 45 weeks and 45 weeks to 64 weeks of age with either low or high AAs.  (continued) 
 Breeder 1 diets  Breeder 2 diets 
    
 Low AA High AA  Low AA High AA 
Ages fed 1st egg to 45 wk  45 to 64 wk 
Nutrients, % of diet      
ME, kcal/kg 2,797 2,797  2,797 2,797 
Crude protein 14.00 15.02  14.00 15.50 
Crude fat 2.90 2.66  2.77 2.54 
Calcium 2.89 2.89  3.25 3.25 
Total phosphorus 0.70 0.70  0.63 0.63 
Available phosphorus 0.43 0.43  0.38 0.38 
Sodium 0.20 0.20  0.18 0.18 
Potassium 0.61 0.65  0.66 0.73 
Chloride 0.18 0.18  0.18 0.18 
Na+K-Cl, mEq/kg 192 201  196 215 
Arginine, total 0.85 0.97  0.77 0.92 
Arginine, digestible 0.79 0.90  0.70 0.85 
Lys, total 0.68 0.81  0.68 0.82 
Lys, digestible 0.59 0.72  0.59 0.72 
Met, total 0.32 0.39  0.32 0.39 
Met, digestible 0.30 0.37  0.30 0.37 
Met + Cys, total 0.59 0.67  0.60 0.67 
Met + Cys, digestible 0.53 0.60  0.53 0.61 
Trp, total 0.16 0.18  0.15 0.18 
Trp, digestible 0.14 0.15  0.13 0.15 
Thr, total 0.52 0.59  0.52 0.60 
Thr, digestible 0.44 0.51  0.43 0.51 
Ile, digestible 0.51 0.57  0.50 0.59 
Val, digestible 0.60 0.65  0.60 0.68 
Choline 1,498 1,498  1,498 1,498 
1Alimet is the tradename for liquid methionine produced by Novus International, Saint Charles, 
Missouri. 
2Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 
Iron 45 ppm, Iodine 3.5 ppm, Copper 125 ppm 
3Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 
acid 32.90 g, Pyridoxine 7.08 g, Biotin 0.43 g, Folic acid 4.49 g, Vitamin B12 0.076 g 
4S-carb is the tradename for sodium bicarbonate manufactured by Genesis Energy, LP; Houston, 
TX 






Table 3:  Effect of different BW curve1 treatments on rearing parameters of Cobb 700 broiler 
breeders.   
 Pullet rearing treatments   
Parameter Control BW Increased BW SEM P-value 
4 wk BW, g 525b 570a 5.9 <0.0001 
8 wk BW, g 835b 915a 8.7 <0.0001 
12 wk BW, g 1,226b 1,345a 11.0 <0.0001 
16 wk BW, g 1,399b 1,527a 12.5 <0.0001 
20 wk BW, g 1,892b 2,012a 16.6 <0.0001 
21 wk BW, g 2,033b 2,159a 18.2 <0.0001 
24 wk BW, g 2,630b 2,738a 18.5 <0.0001 
26 wk BW, g 3,010b 3,119a 2.1 0.0003 
0 to 22 wk feed intake2, kg 37.1b 40.0a 0.06 <0.0001 
0 to 20 wk mortality, % 5.3 5.4 0.58 0.9179 
21 wk Shank length, mm 101 104 1.2 0.1329 
21 wk Keel length, mm 149b 154a 1.5 0.0237 
21 wk Breast width, mm 97 102 2.2 0.1194 
21 wk abdominal fat pad, g 7.1b 13.4a 1.86 0.0197 
21 wk liver, g 45.9 47.9 2.12 0.4455 
21 wk heart, g 7.8 7.4 0.41 0.4605 
21 wk spleen, g 1.3b 1.8a 0.19 0.0321 
21 wk bursa, g 1.4 1.5 0.15 0.5398 
26 wk abdominal fat pad3, % 1.2 1.4 0.11 0.1806 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Pullet treatments were reared to control pullet BW targeted to represent the Cobb 700 breeder 
guide weights, or an increased pullet BW compared to the Cobb 700 breeder guide weights.  BW 
were achieved each week through regulated feed intake higher than those on the control BW 
curve. 
2Feed intake from 0 to 22 wk (light stimulation). 





Table 4:  P-values for effects of pullet BW treatments1 of control and increased pullet (P) BW, 
hens (H) fed low and high AA diets2 and the combined effects of pullet BW and hen dietary 
treatments (P x H). 
 P x H P H 
30 wk BW, kg 0.9224 0.2077 0.0137 
60 wk BW, kg 0.6384 0.0907 <0.0001 
30 to 60 wk BW ∆ 0.6791 0.3138 0.0006 
Mortality 25 to 64 wk, % 0.6370 0.2040 0.7315 
Total eggs produced to 64 wk per hens housed3 0.5804 0.9465 0.6686 
Hatching eggs produced to 64 wk per hens housed4 0.5431 0.7939 0.3756 
30 wk egg weight, g 0.4909 0.0228 0.9408 
45 wk egg weight, g 0.5607 0.0089 0.0018 
60 wk egg weight, g 0.0471 0.7449 0.0401 
32 wk progeny weight, g 0.7845 0.7919 0.0205 
45 wk progeny weight, g 0.1626 0.2135 0.0607 
60 wk progeny weight, g 0.2333 0.7327 0.3218 
32 to 62 wk good feather scoring5, % 0.2099 0.0697 0.0003 
32 to 62 wk moderate feather scoring, % 0.8131 0.1997 <0.0001 
32 to 62 wk poor feather scoring, % 0.1521 0.0133 <0.0001 
1Pullet treatments were reared to control pullet BW targeted to represent the Cobb 700 breeder 
guide weights, or an increased pullet BW compared to the Cobb 700 breeder guide weights.  BW 
were achieved each week through regulated feed intake higher than those on the control BW 
curve. 
2Hen treatments were fed either low AA breeder diets that were 14% crude protein and isocaloric 
to the high AA breeder diet at 2797 kcal/kg ME, or high AA breeder diets were 15% crude 
protein.  All pens were fed the same amount (g/bird) each day. 
3Total eggs per hen housed is the total number of eggs per hens at 25wk of age. 
4Hatching eggs per hen housed is the total number of hatching eggs per hens at 25wk of age. 
5Feather scoring was done on a 5-point scale where 0 = no feather loss to 5 = bare on the dorsal 
area with scratches.  Feather scores were converted to percentages of birds with categories of 
good = scores 0 to 1, moderate = 2 to 3, and poor was 4 to 5. 





Table 5:  Combined effect pullet BW treatments1 and hen AA diet treatments2 of Cobb 700 
broiler breeders on hen BW, egg production, egg weight, chick weight and feather scoring. 
 
Control BW pullets  Increased BW pullets 
  
Parameters Low AA 
hen diets 
High AA 




hen diets SEM 
P-
value 
30 wk BW, g 3,452 3,536  3,495 3,573 31.4 0.9224 
60 wk BW, g 4,165 4,484  4,291 4,556 57.1 0.6384 
30 to 60 wk BW ∆ 713 949  796 983 57.5 0.6791 
25 to 64 wk mortality, % 5.5 6.3  7.1 7.0 0.92 0.6370 
Total eggs produced per 
hen housed3 175.3 175.4  176.0 174.5 1.46 0.5804 
Hatching eggs produced 
per hen housed4 171.8 171.4  172.3 170.1 1.44 0.5431 
30 wk egg weight, g 55.6 56.0  57.1 56.8 0.48 0.4909 
45 wk egg weight, g 63.7 65.0  62.1 63.9 0.48 0.5607 
60 wk egg weight, g 67.1b 69.8a  68.7ab 68.7ab 0.65 0.0471 
32 wk progeny weight, g 39.9 40.2  39.9 40.3 0.18 0.7845 
45 wk progeny weight, g 44.1 44.7  44.6 44.7 0.18 0.1626 
60 wk progeny weight, g 46.0 46.8  46.6 46.5 0.38 0.2333 
32 to 62 wk good feather 
scoring5, % 29.3 42.8  27.7 34.3 2.86 0.2099 
32 to 62 wk moderate 
feather scoring, % 13.7 19.0  12.4 17.2 1.43 0.8131 
32 to 62 wk poor feather 
scoring % 57.0 38.2  59.8 48.5 2.76 0.1521 
1Pullet treatments were reared to control pullet BW targeted to represent the Cobb 700 breeder 
guide weights, or an increased pullet BW compared to the Cobb 700 breeder guide weights.  BW 
were achieved each week through increasing regulated feed intake higher than those on the 
control BW curve. 
2Hen treatments were fed either low AA breeder diets that were 14% crude protein and isocaloric 
to the high AA breeder diet at 2797 kcal/kg ME, or high AA breeder diets were 15% crude 
protein.  All pens were fed the same amount (g/bird) each day. 
3Total eggs per hen housed is the total number of eggs produced from 25 to 64 wk of age per hen 
at 25wk of age. 
4Hatching eggs per hen housed is the total number of hatching eggs produced from 25 to 64 wk 
of age per hen at 25 wk of age. 
5Feather scoring was done on a 5-point scale where 0 = no feather loss to 5 = bare on the dorsal 
area with scratches.  Feather scores were converted to percentages of birds with categories of 
good = scores 0 to 1, moderate = 2 to 3, and poor was 4 to 5. 





Table 6:  Main effects pullet BW treatments1 and hen AA diet treatments2 of Cobb 700 broiler breeders 














AA SEM P-value 
30 wk BW, g 3,494 3,534 23.3 0.2077  3,473b 3,554a 22.1 0.0137 
60 wk BW, g 4,325 4,423 50.0 0.0907  4,228b 4,520a 40.9 <0.0001 
30 to 60 wk BW ∆ 831 890 45.5 0.3138  754b 966a 40.3 0.0006 
25 to 64 wk mortality, 
% 
5.9 7.1 0.63 0.2040  6.3 6.6 0.65 0.7315 
Total eggs produced 
per hen housed3 
175.4 175.3 1.02 0.9465  175.6 175.0 1.01 0.6686 
Hatching eggs 
produced per hen 
housed4 
171.6 171.2 1.01 0.7939  172.1 170.8 1.00 0.3756 
30 wk egg weight, g 55.8b 56.9a 0.34 0.0228  56.4 56.3 0.36 0.9408 
45 wk egg weight, g 64.3a 63.0b 0.37 0.0089  62.9b 64.4a 0.36 0.0018 
60 wk egg weight, g 68.5 68.7 0.49 0.7449  67.9b 69.3a 0.47 0.0401 
32 wk progeny 
weight, g 
40.0 40.1 0.13 0.7919  39.9b 40.3a 0.12 0.0205 
45 wk progeny 
weight, g 
44.4 44.7 0.13 0.2135  44.4 44.7 0.13 0.0607 
60 wk progeny 
weight, g 
46.4 46.5 0.27 0.7327  46.3 46.7 0.27 0.3218 
32 to 62 wk good 
feather scoring5, % 
36.1 31.0 2.07 0.0697  28.5b 38.6a 1.98 0.0003 
32 to 62 wk moderate 
feather scoring, % 
16.3 14.8 0.88 0.1997  13.1b 18.1a 1.00 <0.0001 
32 to 62 wk poor 
feather scoring, % 
47.6b 54.2a 1.95 0.0133  58.4a 43.3b 1.95 <0.0001 
1Pullet treatments were reared to control pullet BW targeted to represent the Cobb 700 breeder guide 
weights, or an increased pullet BW compared to the Cobb 700 breeder guide weights.  BW were achieved 
each week through regulated feed intake higher than those on the control BW curve. 
2Hen treatments were fed either low AA breeder diets that were 14% CP and isocaloric to the high AA 
breeder diet at 2797 kcal/kg ME, or high AA breeder diets were 15% CP.  All pens were fed the same 
amount (g/bird) each day. 
3Total eggs per hen housed is the total number of eggs produced from 25 to 64wk of age per hen at 25wk 
of age. 
4Hatching eggs per hen housed is the total number of hatching eggs produced from 25 to 64 wk 
of age per hen at 25wk of age. 
5Feather scoring was done on a 5-point scale where 0 = no feather loss to 5 = bare on the dorsal 
area with scratches.  Feather scores were converted to percentages of birds with categories of 
good = scores 0 to 1, moderate = 2 to 3, and poor was 4 to 5. 





Table 7:  Generalized regression models for effect of combined pullet BW treatments1 and hen 
AA diet treatments2 of Cobb 700 broiler breeder’s key production responses. 
 Intercept Pullet
1 x Hen2 Pullet Hen  
  CH C H SE 
30 wk Egg weight 56.35 0.17 -0.57 0.02 0.232 
45 wk Egg weight 63.65 -0.14 0.65 0.79 0.228 
60 wk Egg weight 68.58 0.66 -0.11 0.68 0.309 
Total eggs per hen housed3 175.3 0.41 0.05 -0.31 0.698 
Hatching eggs per hen housed4 171.4 0.44 0.19 -0.64 0.689 
30 wk BW 3,514 1.5 -20.1 40.3 15.03 
60 wk BW 4,374 13.5 -49.4 146.2 27.32 
30 to 60 wk change 860 12 -29.3 105.8 27.5 
25 to 64 wk mortality, % 6.5 0.22 -0.59 0.16 0.440 
32 wk progeny weight 40.1 -0.02 -0.02 0.2 0.086 
45 wk progeny weight 44.6 0.13 -0.11 0.17 0.09 
60 wk progeny weight 46.5 0.23 -0.07 0.19 0.18 
32 to 62 wk good feather scoring5, % 33.5 1.74 2.52 5.04 1.386 
32 to 62 wk moderate feather scoring, % 15.6 0.14 0.76 2.53 0.590 
32 to 62 wk poor feather scoring, % 50.9 -1.88 -3.28 -7.56 1.311 
1Pullet treatments were reared to control pullet BW targeted to represent the Cobb 700 breeder 
guide weights, or an increased pullet BW compared to the Cobb 700 breeder guide weights.  BW 
were achieved each week through regulated feed intake higher than those on the control BW 
curve. 
2Hen treatments were fed either low AA breeder diets that were 14% crude protein and isocaloric 
to the high AA breeder diet at 2797 kcal/kg ME, or high AA breeder diets were 15% crude 
protein.  All pens were fed the same amount (g/bird) each day. 
3Total eggs per hen housed is the total number of eggs produced from 25 to 64 wk of age per hen 
at 25wk of age. 
4Hatching eggs per hen housed is the total number of hatching eggs produced from 25 to 64 wk 
of age per hen at 25 wk of age. 
5Feather scoring was done on a 5-point scale where 0 = no feather loss to 5 = bare on the dorsal 
area with scratches.  Feather scores were converted to percentages of birds with categories of 
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ABSTRACT 
Four studies were conducted on Cobb 700 broilers to evaluate the dietary protein and any 
maternal effects (hen dietary amino acid (AA) diets – either low 14% CP or high 15% CP and 
pullet weight) and interactions on live production and processing parameters. Day-old Cobb 700 
broiler breeder pullets were reared to conform to two different BW curves (control BW and 
increased BW) with 8 replicate pens per treatment.  Birds were fed common diets from 0 d of 
age until 1st egg (24 wk).  At 24 wk, 12 pens of each pullet treatment were given different AA 
diets (low = 14% CP, high = 15% CP).  The performance of female and male progeny from 
either 32 and 45 wk hens were evaluated on low AA and high AA density diets. Broiler chickens 
on the higher AA density feed exhibited consistent improvement in mid-growth BW and feed 
conversion and white meat yield percentage.  Some maternal effects were noted including 
increased carcass yield in female broiler from 32 wk old hens.  Three-way interactions of pullet 
BW x hen dietary AA x progeny dietary AA treatments for female progeny were observed for 
carcass yield (from 32 wk old hens) and male tender yield (from 45 wk old hens).  There were 




drum yield from 32 wk old hens, pullet BW x progeny dietary AA treatments effect on male 27 d 
BW from 32 wk old hens, and hen dietary AA x progeny dietary AA treatments effect on male 
thigh yield from 45 wk old hen.  The effects of maternal pullet BW and dietary AA treatments 
were seen in processing yields suggest further work should be done on high-yielding broiler 
density AA needs from pullets of differing BW that resulted in the need of dietary CP changes of 
the progeny. 
INTRODUCTION 
There is limited published information on the effects of broiler breeder diet on their  progeny.  
The limitations are due to the resources and time needed to perform the studies.  Earlier work 
supports the view that there is effect of macro and micronutrients in the maternal diet on the 
performance of progeny (reviewed: Kidd, 2003; Calini and Sirri, 2007).  Amino acid (AA) 
availability to the dam influences the following in their progeny:  chick weight (Lopez and 
Leeson, 1994; Lopez and Leeson, 1995a; Spratt and Leeson 1987), BW at differing ages (Brake, 
2003; Spratt and Leeson, 1987), feed conversion (Proudfoot, 1985) and carcass protein (Spratt 
and Leeson, 1987).  However, the effects are inconsistent as work has shown no effects of dam 
AA intake on progeny BW (Lopez and Leeson, 1995b), feed conversion (Pearson and Herron, 
1981), or carcass weight (Lopez and Leeson, 1994).  Therefore, much is unknown about putative 
epigenetics effects on progeny of broiler breeders. Mejia and colleagues (2013) suggested the 
same inconsistencies in progeny BW within their work on breeders fed diets that differed in 
digestible Lys.   
The current knowledge of the high-yielding broiler breeder’s need of CP are those of 
recommendations of the primary breeding companies.  The recommendation for CP fed to the 




diet (Cobb-Vantress, Inc., 2018).   The Ross 708 recommendations for CP is 15, 14 and 13% in 
the first, second and third diets, respectively (Aviagen Group, 2016).  These recommendations of 
reducing CP levels with increasing age of the hen is for egg size control (Cobb-Vantress, Inc., 
2018; Aviagen Group, 2016).  The primary breeders do not have recommendations of CP needs 
of the hen for progeny performance, and they do not give recommendations of CP needs of the 
progeny due to maternal conditioning.  One emphasis of this paper will be on two- or three-way 
interactions. 
High-yielding broiler breeder progeny from hens with known residual feed intakes (RFI) were 
assigned to one of three maternal RFI categories (low, average and high) where the hens residual 
maintenance need (RME) was also known (Romero et al., 2009).  The progeny reflected greater 
chick yield from high RFI hens, however the progeny from low RFI hens had higher 28 and 38 d 
BW (Romero et al., 2009). Three-way interaction between low RFI x high RFE x progeny sex 
produced progeny with increased 38 d BW (Romero et al., 2009).  Feed efficiencies for low RFI 
hens was reflected upon their progeny, especially when the hens also had high RFE (Romero et 
al., 2009). van Emous and colleagues (2015) studied a multipurpose broiler breeder stain for the 
effect of two pullet rearing BW curves (standard and high) fed different CP diets (low, medium 
and high).  Their study found no pullet growth rate x pullet dietary treatment interaction effects 
on the progeny (van Emous et al., 2015).  Moraes and colleagues (2014) did work using a high-
yielding broiler breeder strain on the four-way interaction of pullet rearing dietary ME (low and 
high) x pullet rearing dietary CP (low and high) x prelaying dietary ME (low and high) x 
progeny sex.  Results showed that increasing the energy to protein ratio from the rearing phase 
diet to the laying phase diets resulted in increased progeny BW (Moraes et al., 2014).  Of most 




more related to the pullet rearing dietary ME than the laying dietary ME treatments, suggesting 
an epigenetic effect from the pullets to their progeny of lipogenesis (Moraes et al., 2014).  
However, they found no maternal effect on the progeny for FCR (Moraes et al., 2014).  This 
works suggest that there is an interaction of dietary CP and ME in the breeder pullet rearing 
phase that effects their broiler progeny. 
This study investigated whether progeny had a different need for CP due to an interactive effect 
from their dams rearing body weight and/or CP intake during egg production. 
MATERIALS AND METHODS 
Pullet Rearing Phase 
Cobb 700 broiler breeders were placed randomly into 16 pens (290 females per pen) at the 
University of Arkansas Broiler Research Farm managed by Cobb-Vantress, Inc. (Fayetteville, 
Arkansas).  The pens measured 5.49 x 5.52 meters (9.57 females/m²).  Eight pens were assigned 
each of the pullet BW treatments: control (C) which was set at Cobb 700 Breeder Management 
Guide weight standards or an increased body weight curve (I).  BW of the I pullet treatment were 
increased compared to the C treatment by: 8.6% at 4 wk, 9.6% at 8 wk, 9.7% at 12 wk, 11.3% at 
16 wk, 6.3% at 20 wk, and 4.1% at 24 wk of age.  A common chick starter diet was fed to both 
treatments ad libitum from 0 to 28 d of age (Table 1).  The pullets were then fed a common 
pullet and pre-laying diets on a 5 d “On”/2 d “Off” feeding program from 28 to 154 d of age 
(Table 1).  Each batch of feed was monitored to ensure feeds were within specifications of diets.  
Pullets photo period was 5 lux for 24 h the first three d (24L:0D), from four d to 14 d 5 lux for 
16L:8D, at 14 to 154 d 5 lux for 8L:16D. On hatch day all breeder chicks were weighed in 




per pen.  Daily feed, and water consumption, and mortality were recorded by pen.  On 147 d of 
age BW, leg shank length, keel length, breast width, abdominal fat, liver, spleen, and bursa 
weight, of two pullets per pen taken. 
Breeder Phase 
At 154 d of age 2,040 pullets per BW treatment (4,080 total females) were moved to the breeder 
house randomly into 24 pens per treatment (48 total pens).  Twelve random pens of each pullet 
treatment were assigned to either the low amino acid breeder diets (L) or the high amino acid 
breeder diets (H) resulting in the following treatment combination:  control BW pullets fed low 
amino acid breeder diets (CL), control BW pullets fed high amino acid breeder diets (CH), 
increased BW pullets fed low amino acid breeder diets (IL) and increased BW pullets fed high 
amino acid breeder diets (IH).  Hens photoperiod was 12L:12D from 154 to 168 d of age, 
13L:11D from 169 to 182 d of age, 14L:8D from 183 to 169 d, and 16L:8D from 170 to 448 d; at 
an intensity of 10 lux.  Hens were fed a common pre-laying diet from 154 d to 168d (Table 1).  
First egg occurred at 168 d of age.  After 1st egg the hens were fed treatment respective diets of 
low or high amino acids until 315 d of age.  At 316 d of age the hens were fed their treatment 
respective breeder 2 diet (Table 2).  Daily feed and water consumption, egg production and 
mortality were recorded by pen.  Beginning at 28 d 25 hens were scored for feather coverage 
every four weeks.  Hen feather coverage scores were as follows; good feathering = 0, ruffled 
feathering = 1, < 5 cm bare spot on hen’s back = 2, > 5 cm bare spot on hen’s back = 3 and bare 
spot on hen’s back with scratches = 4 (the higher the feathering score equates to the poorer the 
feathering).  
Seven Cobb MV males were placed in each breeder pen to provide male fertility and hence 




Cobb MV management guide weight curve (Cobb-Vantress, Inc., 2017) using the same come 
rearing diets (Table 1).  Due to the common rearing source there was no male effect for the 
experiment.   
Progeny Phase   
The eggs were incubated at the University of Arkansas Agriculture Experimental Station Poultry 
Farm Hatchery in Fayetteville, Arkansas.  The chicks were reared in a broiler house at the 
University of Arkansas Agriculture Experimental Station Poultry Farm in Fayetteville, Arkansas.  
The dimensions of each pen were 1.07 x 1.83 meters, allowing 0.11 meters2/bird of floor space.  
Pens contained one 14.5 kg capacity hanging feeder.  During the brooding phase one 
supplemental feeder lid was utilized until 10 d of age. Individual pen nipple water lines were 
used with 5 nipples per waterline resulting in 3.6 birds per water nipple.  The pens had built up 
litter and top dressed in pine wood shavings at a depth of no less than 10 cm.  Chicks were on 
continuous light (24L:0D) during days one to three.  At four d the photoperiod was reduced to 
20L:4D and at seven d the photoperiod was reduced to 19L:5D for the remained of the 8 wk 
brooding period.  There were four separate studies conducted with progeny.  Experiments 1 and 
2 were conducted concurrently in mid-Winter to early-Spring with male and female progeny 
from 32 wk old Cobb 700 broiler breeder hens.  Similarly, experiments 3 and 4 were performed 
concurrently in late-Spring through mid-Summer using male and female progeny from 45 wk old 
Cobb 700 broiler breeder hens.  Eggs (164) were collected from each breeder pen and identified 
by pen.  The eggs were set on E0 and identified by pen.  At E18, the eggs were candled to 
remove any infertile eggs or unviable embryos.  The remaining viable E18 embryos were placed 
into hatcher baskets with dividers separating the eggs by hen pen and, therefore maternal 




boxes per breeder pen.  The chicks were placed into their respective broiler pens that 
corresponded to the breeder pen they were sourced from, e.g. pen 1 male broiler and pen 49 
female broilers were sourced from pen 1 Cobb 700 broiler breeders from the previously 
mentioned pullet and hen treatments.  Each progeny pen could hence be monitored for epigenetic 
effects. 
Each of the broiler pens that corresponded to the breeder treatment were randomly assigned to 
either the low amino acid (AA) diet or the high AA diet (Table 3).  Treatments were the 
following:  control BW pullets (C), increased BW pullets (I), low AA fed hens (L), high AA fed 
hens (H), low AA fed progeny (L) and high AA fed progeny (H) resulting in treatment 
combinations of CLL, CLH, CHL, CHH, ILL, ILH, IHL and IHH.  Each combined pullet BW x 
hen amino acid density diets x progeny amino acid diet diets had 6 replicate pens for a total of 48 
female pens in experiments 1 and 3, and 48 male pens in experiments 2 and 4.   
Chick were weighed by pen to obtain the mean chick BW.  Mortality and mortality BW were 
recorded daily by pen.  At the beginning of each phase, the amount of treatment specific feed 
assigned to the pen was weighed and recorded by pen.  Feed intake (FI) by pen was determined 
for each growth phase.  Mean BW per pen were measured at the end of each growth phase.  Feed 
conversion (FCR) for the pen was calculated for each phase (FCR = FI for the pen/BW for the 
pen).  FCR was also calculated for the entire experiment period.  At 55 d of age, a random 
sample of 5 birds were tagged in each pen.  The tag numbers corresponded to the pen and 
treatment.  On d 56 the birds were processed for yield at the University of Arkansas’ Pilot 
Processing Plant.  The following weights were recorded by bird tag number: live BW, carcass 
weight, breast fillet, tenders, drums, thighs, wings, and abdominal fat.  Each part weight was 




striping on a 0 to 3 scale where 0 was no incidence, 1 mild incidence, 2 moderate incidence and 
3 severe incidence.   
Animal Wellbeing 
The birds were monitored and cared for within the guidelines of the University of Arkansas 
IACUC protocol number 18107. 
Statistical Analysis 
The experimental design was a randomized complete design with a 2 x 2 x 2 factorial 
arrangement (2 pullet body weight curves x 2 hen dietary amino acid densities x 2 broiler dietary 
amino acid densities).  The observational unit was progeny at the pen level.  There were 8 
replicates in the pullet rearing phase, 12 replicates in the breeder phase and 6 replicates in the 
progeny phase.  Analysis of variance was performed using JMP 14 software, and means were 
separated by Student’s T test for main effects and Tukey’s-Kramer HSD for combined effects 
with P-value <0.5 considered significant. 
RESULTS  
Experiment 1:  Female Progeny from 32 wk Old Cobb 700 Parent Hens 
Effects of dietary AA and dam treatment are summarized in Table 4 for broiler performance and 
Table 5 for carcass yield.  There were no main effects of pullet, hen or progeny treatments on 13 
d BW, 55 d BW, 0 to 13 d FCR, 0 to 55 d mortality, and wing yield (P>0.05).  The main effect of 
pullet BW on 0 to 27 d FCR resulted in lower (P=0.0292) for progeny from I BW pullets.  The 
main of effect of hen dietary amino acid treatments on 0 to 55 d feed conversion being lower 




acid treatments on 27 and 39 d BW, fillet yield, tender yield, and total white meat yield were 
higher (P<0.05) when the progeny were fed H amino acid diets.  Progeny dietary treatments had 
a main effect having lower (P<0.05) thigh and abdominal fat yield of progeny fed L amino acid 
diets.  Conversely, progeny amino acid diets effect on 0 to 27 d, 0 to 39 d and 0 to 55 d feed 
conversion was lower (P<0.0001) when progeny were fed H amino acid diets.  The only three-
way interaction between the pullet BW, hen dietary amino acid, and progeny amino acid 
treatments was for carcass yield being highest (P<0.05) for interactions of ILH. 
Experiment 2:  Male Progeny from 32 wk Old Cobb 700 Parent Hens 
Effects of pullet BW, hen dietary amino acid, and progeny dietary amino acid treatments on male 
broiler progeny can be found in Tables 6 and 7.  There were no main effects on 13 d BW, 55 d 
BW, 0 to 55 d mortality, and wing yield (P>0.05).  Main effect of progeny dietary amino acid 
treatments on 39 and 55 d BW, and yields of carcass, fillet, tender and total white meat yield 
being higher (P<0.05) for progeny fed H amino acid diets.  Main effects of progeny dietary 
amino acid treatments on 0 to 27 d, 0 to 39 d, and 0 to 55 d feed conversion ratio, and yields of 
drum, thigh, and abdominal fat was lowest (P<0.0001) for progeny fed H amino acid diets.  
There was a two-way interaction effect on 27 d BW being highest (P=0.0338) for the I BW pullet 
treatment x H progeny treatment.  A three-way interaction effect on drum yield being highest 
(P=0.0363) for interactions of CHH and IHL, lowest for IHH and CLH and all other interactions 
being intermediate. 
Experiment 3:  Female Progeny from 45 wk Old Cobb 700 Parent Hens 
Effects of pullet BW, hen dietary amino acids and progeny dietary amino acid treatments on live 




to 55 d mortality (P>0.05).  There was a main effect of hen dietary treatment on thigh yield being 
highest (P=0.0064) when hens were fed H amino acid diets.  The main effect of progeny dietary 
amino acids on 13, 27, 39 and 55 d BW, and yields of carcass, fillet, tender, total white, and wing 
being higher (P<0.05) when progeny were fed H amino acid diets.  Conversely, main effect of 
progeny dietary amino acids on 0 to 13 d, 0 to 27 d, 0 to 39 d, and 0 to 55 d, and yields of drum, 
wing, and abdominal fat were lowest (P<0.05) for progeny fed H amino acid diets.  There was a 
main effect of hen dietary amino acid treatment on thigh yield being highest (P<0.01) for 
progeny from hens fed H amino acid diets. 
Experiment 4:  Male progeny from 45 wk old Cobb 700 parent hens 
Effects of pullet BW, hen dietary amino acid, and progeny dietary amino acid treatments on 
production parameters can be found in Tables 10 and 11.  No main effects were found for 13 and 
55 d BW, 0 to 55 d mortality, drum, and wing yields (P>0.05).  Main effects of pullet BW on 0 
to 27 d being lowest (P<0.05) for progeny from I BW pullets.  Main effects of progeny dietary 
amino acids on 27, 39, and 55 d BW, and yields of carcass, fillet, tenders, and total white meat 
yield were highest (P<0.05) for progeny fed H amino acid diets.  There were main effects of 
progeny dietary amino acid treatments on 0 to 13 d, 0 to 27 d, 0 to 39 d, and 0 to 55 d feed 
conversion ratio, and abdominal fat yield were lowest (P<0.05) of progeny fed H amino acid 
diets.  Two-way interaction of hen and progeny dietary amino acid treatments on thigh yield 
were highest (P<0.01) of LL and HL interaction, lowest for LH interaction and intermediate for 
the interaction of HL treatments.  Three-way interaction between pullet BW, hen dietary amino 
acid, and progeny amino acid treatments on tender yield was highest (P<0.05) of treatment 






In all four of the experiments the most effect was from the progeny dietary treatments as would 
be expected.  For these discussions we will focus on the three-way and two-way interactions as 
well as the main effects of pullet BW and hen AA treatments. 
Experiment 1:   
Female progeny from 32-week old high-yielding broiler breeders had a three-way interaction 
between pullet BW x hen dietary AA x progeny dietary AA treatments for carcass yield as a 
percent of 56 d BW (Tables 5 and 12).  The treatment with the highest carcass yield was the 
female broilers fed high AA diets from pullets on an increased BW curve fed low amino acid 
diets during egg production.  Further investigation into the two-way and main effects (Tables 5, 
6 and 12) suggests that either the female progeny fed high amino acids or those from pullets of 
increased BW have the highest (P<0.05) carcass yields.  There may be an epigenetic effect of 
protein accreditation of the pullet and that of the female progeny of young high-yielding breeder 
hens. 
The female progeny from 32 wk old high-yielding broiler breeders had a main effect because of 
pullet BW of decreased (P<0.05) 0 to 27 d FCR when the progeny were from pullets of increased 
BW. 
Experiment 2:   
The three-way interaction for male progeny from 32-week old breeders suggests that either the 
CHH or IHL male progeny had the highest (P<0.05) drum yield.  Upon further investigation of 




progeny of hens fed high amino acid diets, however the male progeny themselves had the highest 
(P<0.05) yield when fed low amino acid diets. 
There was a two-way interaction between the 32 wk male broiler progeny fed high amino acids 
from pullets of increased BW at 27 d, but there was not a main effect of pullet BW treatments.  
This suggests that there may be an epigenetic from the pullet BW effect of early male progeny 
BW from young hens, however the effect was not continued at sequential ages. 
Experiment 3:   
There were no three-way or two-way interactions found for the female progeny from 45 wk old 
high-yielding broiler breeders, however there was a main effect of increased thigh yield for the 
progeny from hens fed high amino acid diets.  This data would agree with finding of drum yield 
of the male progeny of experiment 2.  This may suggest that the accreditation of dark meat yield 
may be affected by the dietary treatment of the dam. 
Experiment 4:   
The male progeny from 45 wk old high-yielding broiler breeders had a three-way interaction for 
tender yield (Tables 11 and 12).  When the interactions are compared the data is conflicted, but 
at the main effect level the data would suggest that the three-way interaction for increased 
(P<0.05) tender yield of the male progeny was of those from the control BW pullets.  There was 
also a two-way interaction for thigh yield of the male progeny from 45 wk old high-yielding 
broiler breeders where the lowest (P<0.05) thigh yield was found to be that of the male progeny 
fed high AA from hens fed low AA, and the main hen dietary treatment effect would agree that 






These studies suggest that increasing dietary AA of the hens can result in an increase in dark 
meat yield, and conversely lowering dietary AA of the hens would result in a decrease of dark 
meat yield.  Kidd (2003) summarized that the studies his review supported reducing CP of the 
hens below those previously reported for good egg weight, resulting in no detrimental effects of 
the progeny.  As dark meat yield is not of high interest with high-yielding broilers as that of 
white meat yield these would agree that lowering hen dietary amino acids could reduce dark 
meat yield.  
CONCLUSIONS 
There may be an epigenetic effect of pullet BW and broiler characteristics of carcass yield, early 
BW and FCR and tender yield.  Investigation of more levels of pullet BW or more extreme pullet 
BW could lead to better understanding of the effects seen in these studies.  Also, of interest is the 
effect of dietary amino acids of the dam on the dark meat yield of her progeny.  Further 
investigation should be done on varying levels of dietary hen amino acid densities of high-
yielding broiler breeders to understand if there may be an effect on dark meat yield, and 
conversely that of white meat yield. 
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Table 1:  Diets fed to Cobb 700 broiler breeder pullets before egg production of progeny chicks. 
 Diets fed to birds  
Chick starter Pullet grower Pre-lay 
Weeks fed 0 to 4 wk 5 to 18 wk 19 wk to 1st Egg 
Ingredient, % of diet    
Corn 61.17 51.76 59.61 
Soybean meal 48% 30.50 12.38 15.30 
Wheat middlings 5.05 27.81  19.88 
Distillers dried grains - 4.50 2.29 
Phosphate, deflourinated 1.85 1.42 1.50 
Trace mineral premix1 0.10 0.10  0.10  
Vitamin premix2 0.05  0.06  0.06  
Limestone 0.62 1.10 0.93 
Salt 0.14 0.17  0.15  
Lysine - 0.01  -    
L-Threonine 98% 0.03 0.01  0.02 
Poultry fat 0.25 0.05  -    
MHA Liquid 0.15  0.11  0.09 
Choline 0.09  0.07  0.08  
    
Nutrient, % of diet    
ME, kcal/kg 2,846 2,648 2,747 
CP 19.28 14.50 15.00 
Calcium 0.95 0.95 0.95 
Sodium 0.15 0.15 0.15 
Total phosphate 0.71 0.76 0.73 
Crude fat 2.26 2.92 2.58 
1Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 
Iron 45 ppm, Iodine 3.5 ppm, Copper 125 ppm 
2Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 
acid 32.90 g, Pyridoxine 7.08 g, Biotin 0.43 g, Folic acid 4.49 g, Vitamin B12 0.076 g 
3MHA is the trademark name for granular DL-Methionine manufactured by Novus International, 








Table 2:  Ingredients and nutrients of diets fed to Cobb 700 parent breeder hens from 1st egg to 
45 wk and 45 to 64 wk of age responsible for the progeny produced for broiler progeny trials. 










Ages fed 1st egg to 45 wk  45wk to 6 4wk 
Ingredients, % of diet      
Corn                   65.7 66.5  65.1 65.1 
Soybean meal                             14.7 20.1  11.0 17.6 
Wheat middlings                  5.8 5.3  1.8 - 
Distillers dried grains 5.6 -  13.4 8.6 
Limestone                 5.5 5.3  6.8 6.6 
Phosphate                 1.70 1.82  1.3 1.4 
Fat, poultry                             0.25 0.25  - - 
Salt 96+%                                0.19 0.20  0.15 0.16 
Alimet1                                   0.09 0.16  0.08 0.14 
Trace mineral premix2            0.10 0.10  0.10 0.10 
Choline Cl-70%                           0.10 0.10  0.09 0.08 
Vitamin premix3                  0.07 0.07  0.07 0.07 
S-Carb4                                   0.05 0.05  0.05 0.05 
Larvadex5                                0.05 0.05  - - 
Threonine 98%                            - 0.03  - 0.02 






Table 2:  Ingredients and nutrients of diets fed to Cobb 700 parent breeder hens from 1st egg to 
45 wk and 45 to 64 wk of age responsible for the progeny produced for broiler progeny trials.  
(continued) 










Ages fed 1st egg to 45 wk  45wk to 6 4wk 
Nutrients, % of diet      
ME, kcal/kg 2,797 2,797  2,797 2,797 
Crude protein 14.00 15.02  14.00 15.50 
Crude fat 2.90 2.66  2.77 2.54 
Calcium 2.89 2.89  3.25 3.25 
Total phosphorus 0.70 0.70  0.63 0.63 
Available phosphorus 0.43 0.43  0.38 0.38 
Sodium 0.20 0.20  0.18 0.18 
Potassium 0.61 0.65  0.66 0.73 
Chloride 0.18 0.18  0.18 0.18 
Na+K-Cl, mEq/kg 192 201  196 215 
Arginine, total 0.85 0.97  0.77 0.92 
Arginine, digestible 0.79 0.90  0.70 0.85 
Lys, total 0.68 0.81  0.68 0.82 
Lys, digestible 0.59 0.72  0.59 0.72 
Met, total 0.32 0.39  0.32 0.39 
Met, digestible 0.30 0.37  0.30 0.37 
Met + Cys, total 0.59 0.67  0.60 0.67 
Met + Cys, digestible 0.53 0.60  0.53 0.61 
Trp, total 0.16 0.18  0.15 0.18 
Trp, digestible 0.14 0.15  0.13 0.15 
Thr, total 0.52 0.59  0.52 0.60 
Thr, digestible 0.44 0.51  0.43 0.51 
Ile, digestible 0.51 0.57  0.50 0.59 
Val, digestible 0.60 0.65  0.60 0.68 
Choline 1,498 1,498  1,498 1,498 
1Alimet is the tradename for liquid methionine produced by Novus International, Saint Charles, 
Missouri. 
1Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 
Iron 45 ppm, Iodine 3.5 ppm, Copper 125 ppm 
2Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 
acid 32.90 g, Pyridoxine 7.08 g, Biotin 0.43 g, Folic acid 4.49 g, Vitamin B12 0.076 g 
3S-carb is the tradename for sodium bicarbonate manufactured by Genesis Energy, LP; Houston, 
Texas 




Table 3:  Diets with low amino acid content and high amino acid content fed to Cobb 700 broiler 
progeny from breeders fed low and high amino acid diets. 
 Low Amino Acid Diets  High Amino Acid Diets 
 Starter      Grower        Finisher Withdraw  Starter Grower Finisher Withdraw 
Ages fed 0 to 13 d 13 to 27 d 27 to 39 d 39 to 55 d  0 to 13 d 13 to 27 d 27 to 39 d 39 to 55 d 
Ingredients, % 
of diet     
 
    
Corn                65.2 69.3 70.4 73.7  59.4 66.9 64.9 67.8 
Soybean meal                        25.7 20.8 19.1 15.9  29.8 24.8 23.4 21.3 
Pro-Plus 571                         6.4 6.7 6.5 7.0  7.5 7.5 7.0 6.5 
Phosphate, 
defluorinated 0.99 0.80 0.62 0.75 
 
0.78 0.69 0.51 0.61 
Fat, poultry                            0.50 1.19 2.36 1.76  1.37 2.01 3.24 2.82 
Methionine, 
DL                          0.23 0.19 0.15 0.13 
 
0.27 0.22 0.18 0.17 
Limestone                               0.20 0.18 0.16 0.01  0.15 0.10 0.14 0.16 
L-Lysine HCl                            0.16 0.16 0.07 0.10  0.15 0.13 0.04 0.06 
Choline Cl-
60%                          0.15 0.17 0.18 0.19 
 
0.14 0.16 0.17 0.17 
Salt 96+%                               0.14 0.17 0.20 0.17  0.16 0.18 0.21 0.20 
Mineral 
premix2 0.10 0.10 0.10 0.10 
 
0.10 0.10 0.10 0.10 
Sodium 
bicarbonate                           0.10 0.10 0.10 0.10 
 
0.10 0.10 0.10 0.10 
Threonine 98%                           0.10 0.08  0.01 
 
0.10 0.08   
Vitamin 
premix3 0.05 0.05 0.05 0.05 
 
0.05 0.05 0.05 0.05 






Table 3:  Diets with low amino acid content and high amino acid content fed to Cobb 700 broiler 
progeny from breeders fed low and high amino acid diets. (continued) 
 Low Amino Acid Diets  High Amino Acid Diets 
 Starter      Grower        Finisher Withdraw  Starter Grower Finisher Withdraw 
Ages fed 0 to 13 d 13 to 27 d 27 to 39 d 39 to 55 d  0 to 13 d 13 to 27 d 27 to 39 d 39 to 55 d 
Nutrient, % of 
diet     
 
    
ME, kcal/kg 2,996 3,084 3,084 3,084  2,996 3,084 3,084 3,084 
CP 20.90 19.07 18.05 17.10  23.10 21.00 19.95 18.90 
Crude fat 3.83 4.58 5.72 5.22  4.65 5.34 6.51 6.11 
Calcium 0.90 0.84 0.76 0.76  0.90 0.84 0.76 0.76 
Phosphorus, 
total 0.68 0.63 0.59 0.61 
 
0.69 0.65 0.59 0.59 
Phosphorus, 
available 0.45 0.42 0.38 0.41 
 
0.45 0.43 0.38 0.38 
Sodium 0.18 0.18 0.18 0.18  0.18 0.18 0.18 0.18 
Potassium 0.81 0.71 0.67 0.60  0.89 0.79 0.75 0.71 
Chloride 0.22 0.24 0.24 0.24  0.23 0.24 0.24 0.24 
Na+K-Cl 225 191 182 165  242 212 204 193 
Arg, total 1.36 1.22 1.15 1.08  1.52 1.37 1.30 1.22 
Arg, digestible 1.24 1.11 1.05 0.98  1.39 1.25 1.19 1.12 
Lys, total 1.27 1.14 1.02 0.97  1.41 1.25 1.13 1.07 
Lys, digestible 1.14 1.02 0.90 0.86  1.26 1.12 1.00 0.95 
Met, total 0.58 0.51 0.46 0.44  0.65 0.57 0.52 0.49 
Met, digestible 0.55 0.49 0.43 0.41  0.61 0.54 0.49 0.46 
Met + Cys, 
total 0.95 0.87 0.80 0.77 
 
1.05 0.95 0.89 0.84 
Met + Cys, 
digestible 0.84 0.77 0.70 0.67 
 
0.93 0.84 0.78 0.74 
Trp, total 0.25 0.21 0.20 0.18  0.28 0.24 0.23 0.22 
Trp, digestible 0.21 0.18 0.17 0.15  0.24 0.21 0.20 0.18 
Thr, total 0.86 0.77 0.66 0.63  0.95 0.85 0.73 0.70 
Thr, digestible 0.74 0.66 0.56 0.53  0.82 0.73 0.62 0.59 
Ile, digestible 0.76 0.68 0.65 0.60  0.85 0.76 0.73 0.69 
Val, digestible 0.88 0.81 0.77 0.73  0.98 0.89 0.85 0.81 
Choline, mg/kg 1,872 1,872 1,872 1,872  1,872 1,872 1,872 1,872 
Fe, ppm 141 127 119 115  140 128 121 121 
Mn, ppm 138 135 134 133  138 136 135 135 
Cu, ppm 130 129 129 129  130 129 129 129 
Zn, ppm 131 129 129 128  132 130 130 129 
1Pro-Plus 57 is a trademark name of a protein concentrate manufactured at 57% CP by H. J. 
Baker and Bro., LLC., Shelton, Connecticut. 
2Mineral premix contained per kilogram of all diets (minimum):  Ca, 48.8 mg; Mn, 80 mg; Mg, 
21.6 mg; Zn, 80 mg; Fe, 40 mg; Cu, 8 mg; I, 0.8 mg. 
3Vitamin premix contained per kilogram of all diets (minimum):  vitamin A, 3,083,700 IU; 
vitamin D3, 22,026,432 ICU; vitamin E, 22,026 IU; vitamin B12, 53 mg; menadione, 6,000 mg; 
riboflavin, 26,432 mg; d-pantothenic acid, 39,648 mg; thiamine, 6,167 mg; niacin, 154,185 mg; 





Table 4:  Effects of dietary amino acid and maternal treatment of production parameters in Cobb 
700 female broilers.  The birds were progeny from 32 wk old broiler breeder hens fed either low1 










0 to 13 
d FCR5 
0 to 27 
d FCR 
0 to 39 
d FCR 
0 to 55 
d FCR 






        
Low AA6 328 1,129b 2,218b 3,668 1.195 1.277a 1.446a 1.654a 1.16 
High AA7 331 1,258a 2,283a 3,709 1.187 1.231b 1.395b 1.612b 1.62 
SEM 4.2 12.1 24.4 28.2 0.0062 0.0057 0.0067 0.0077 0.624 
 
         
Maternal 
(H)          
Low AA 332 1,255 2,261 3,700 1.190 1.248 1.422 1.622b 1.45 
High AA 328 1,225 2,243 3,680 1.191 1.258 1.420 1.644a 1.33 
SEM 3.9 11 23.3 29.1 0.0067 0.0074 0.0093 0.0085 0.581 
          
Pullet BW 
(P)          
Control 332 1,234 2252 3689 1.192 1.262a 1.422 1.638 0.70 
Increased 327 1,244 2251 3689 1.190 1.244b 1.419 1.628 2.01 
SEM 4 11.7 24 25.3 0.0069 0.0072 0.0086 0.0098 0.653 
 
         
P-value          
P x H x B 0.4123 0.2483 0.4231 0.6591 0.0602 0.1600 0.2705 0.2510 0.2252 
H x B 0.4712 0.7233 0.3538 0.6064 0.3666 0.8705 0.8370 0.0880 0.6003 
P x B 0.7786 0.2761 0.5226 0.7580 0.7817 0.7626 0.7937 0.1517 0.9540 
P x H 0.9826 0.6366 0.8997 0.7412 0.4726 0.5565 0.8939 0.5412 0.5230 
B 0.6046 0.0192 0.0270 0.2826 0.4476 <0.0001 <0.0001 <0.0001 0.6010 
H 0.5466 0.0700 0.6002 0.6027 0.8314 0.4447 0.8124 0.0388 0.9531 
P 0.3072 0.5521 0.9591 0.9738 0.9250 0.0292 0.5757 0.3361 0.0969 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder 
diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each 
week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those 
on the control body weight curve. 
5FCR is adjusted for mortality. 
6Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler 
diets. 







Table 5:  Effects of dietary amino acid and maternal treatment of processing yield parameters in Cobb 700 female broilers.  The birds 
were progeny from 32 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. 
Parameters Carcass, % Fillet, % Tender, % 
Total white, 
% Drum, % Thigh, % Wing, % 
Abdominal Fat, 
% 
Progeny (B)         
Low AA5 77.9b 24.3b 4.6b 28.9b 8.4 13.1a 6.9 1.6a 
High AA6 78.4a 25.4a 4.8a 30.1a 8.4 17.8b 6.9 1.5b 
SEM 0.14 2.09 0.03 0.17 0.05 0.08 0.03 0.05          
Maternal (H)         
Low AA 78.1 24.7 4.7 29.4 8.4 12.9 6.9 1.5 
High AA 78.2 24.9 4.7 29.6 8.4 12.9 6.9 1.6 
SEM 0.14 2.04 0.03 0.26 0.05 0.08 0.03 0.05          
Pullet BW (P)         
Control 77.9b 24.7 4.7 29.4 8.4 12.9 6.9 1.5 
Increased 78.4a 25.0 4.7 29.7 8.4 13.0 6.9 1.6 






Table 5:  Effects of dietary amino acid and maternal treatment of processing yield parameters in Cobb 700 female broilers.  The birds 
were progeny from 32 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. (continued) 
Parameters Carcass, % Fillet, % Tender, % 
Total white, 
% Drum, % Thigh, % Wing, % 
Abdominal Fat, 
% 
P x H x B interaction         
Control x Low x Low 77.7b        
Control x Low x High 78.0ab        
Control x High x Low 77.8b        
Control x High x High 78.3ab        
Increased x Low x Low 77.7b        
Increased x Low x High 78.9a        
Increased x High x Low 78.5ab        
Increased x High x High 78.3ab        
SEM 0.28        
         
P x H interaction7         
Control x low     8.3    
Control x high     8.4    
Increased x low     8.5    
Increased x high     8.5    
SEM     0.7    
         
P-values         
P x H x B 0.0263 0.1471 0.4141 0.1195 0.8228 0.5021 0.9989 0.2420 
H x B 0.0933 0.2013 0.9870 0.2128 0.2469 0.4839 0.0957 0.3054 
P x B 0.9069 0.4384 0.0790 0.6627 0.3607 0.2617 0.5398 0.2620 
P x H 0.8967 0.7222 0.8878 0.7487 0.0347 0.1611 0.6631 0.3301 
B 0.0148 <0.0001 0.0041 <0.0001 0.8005 0.0177 0.5994 0.0255 
H 0.4723 0.2795 0.4132 0.7486 0.3320 0.8692 0.8390 0.2029 
P 0.0247 0.2459 0.9126 0.2508 0.2595 0.2014 0.2624 0.6482 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those on the control body weight curve. 
5Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler diets. 
6High AA broiler diets were more than 2% higher crude protein than the low amino acid broiler diets. 
7Tukey’s HSD with contrast plot indicates that the control BW pullet x high amino acid broiler breeder is causing absence of mean 




Table 6:  Effects of dietary amino acid and maternal treatment of production parameters in Cobb 700 male broilers.  The birds were 
progeny from 32 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW.  
Treatment 13 d BW g 27 d BW g 39 d BW g 55 d BW g 
0 to 13 d 
FCR5 
0 to 27 d 
FCR 
0 to 39 d 
FCR 
0 to 55 d 
FCR 
0 to 55 d 
Mortality 
% 
Progeny (B)          
Low AA6 307 1,272 2,418b 4,133b 1.242 1.280a 1.449a 1.647a 2.7 
High AA7 306 1,306 2,528a 4,299a 1.230 1.234b 1.380b 1.583b 3 
SEM 4.4 13.4 18.8 25.1 0.0122 0.0054 0.0074 0.0064 0.85           
Maternal (H)          
Low AA 305 1,296 2,487 4,226 1.223 1.250 1.411 1.613 2.8 
High AA 307 1,282 2,459 4,206 1.250 1.263 1.416 1.617 2.9 
SEM 4.5 14.2 24.8 28.7 0.0116 0.0073 0.0105 0.0096 0.85           
Pullet BW (P)          
Control 308 1,295 2,495 4,239 1.233 1.261 1.415 1.622 2.6 
Increased 305 1,282 2,450 4,191 1.238 1.252 1.411 1.608 3.1 






Table 6:  Effects of dietary amino acid and maternal treatment of production parameters in Cobb 700 male broilers.  The birds were 
progeny from 32 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. (continued) 
Treatment 13 d BW g 27 d BW g 39 d BW g 55 d BW g 
0 to 13 d 
FCR5 
0 to 27 d 
FCR 
0 to 39 d 
FCR 
0 to 55 d 
FCR 
0 to 55 d 
Mortality 
% 
P x B interactions          
Control x B low AA  1,291ab        
Control x B high AA  1,293ab        
Increased x B low AA  1,245b        
Increased x B high AA  1,319a        
SEM  17.8        
P-value          
P x H x B 0.1624 0.3839 0.3519 0.0525 0.3422 0.9649 0.5162 0.6057 0.9968 
H x B 0.1664 0.1436 0.0971 0.2628 0.0889 0.5089 0.7950 0.5792 0.4985 
P x B 0.2703 0.0481 0.4280 0.0957 0.2524 0.6318 0.1501 0.2165 0.8890 
P x H 0.5291 0.4692 0.9789 0.6336 0.1757 0.2540 0.6590 0.2153 0.7395 
B 0.7849 0.0338 <0.0001 <0.0001 0.4443 <0.0001 <0.0001 <0.0001 0.8890 
H 0.6919 0.4378 0.1722 0.3040 0.0821 0.4447 0.4066 0.5780 0.7325 
P 0.5975 0.5904 0.1878 0.2531 0.8191 0.1726 0.6131 0.1575 0.3854 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those on the control body weight curve. 
5FCR is adjusted for mortality. 
6Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler diets. 






Table 7:  Effects of dietary amino acid and maternal treatment of processing yield parameters in Cobb 700 male broilers.  The birds 
were progeny from 32 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW.  
Effects Carcass, % Fillet, % Tender, % 
Total white, 
% Drum, % Thigh, % Wing, % 
Abdominal 
Fat, % 
Progeny (B)         
Low AA5 77.6b 22.3b 4.1b 26.4b 9.5a 14.3a 7.1 1.4a 
High AA6 78.2a 23.6a 4.4a 28.0a 9.3b 13.9b 7.2 1.2b 
SEM 1.64 1.90 0.03 0.21 0.05 0.09 0.05 0.05          
Maternal (H)         
Low AA 77.7 22.9 4.3 27.2 9.3b 14.1 7.1 1.3 
High AA 78.1 23.0 4.3 27.2 9.5a 14.1 7.2 1.2 
SEM 1.49 0.18 0.03 0.17 0.06 0.09 0.05 0.04          
Pullet BW (P)         
Control 77.8 22.9 4.3 27.2 9.4 14.1 7.2 1.3 
Increased 78.0 23.0 4.3 27.2 9.4 14.1 7.2 1.2 






Table 7:  Effects of dietary amino acid and maternal treatment of processing yield parameters in Cobb 700 male broilers.  The birds 
were progeny from 32 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. (continued) 
Effects Carcass, % Fillet, % Tender, % 
Total white, 
% Drum, % Thigh, % Wing, % 
Abdominal 
Fat, % 
P x H x B interaction         
Control x low AA x low AA     9.3ab    
Control x low AA x high AA     9.3b    
Control x high AA x low AA     9.5ab    
Control x high AA x high AA     9.6a    
Increased x low AA x low AA     9.5ab    
Increased x low AA x high AA     9.4ab    
Increased x high AA x low AA     9.6a    
Increased x high AA x high AA     9.1b    
SEM     0.06    
         
P-values         
P x H x B 0.4344 0.2404 0.1979 0.1845 0.0363 0.7660 0.6806 0.4076 
H x B 0.2680 0.2945 0.6052 0.2868 0.6279 0.7669 0.0803 0.1881 
P x B 0.7100 0.3035 0.9784 0.3184 0.0380 0.2061 0.7989 0.9826 
P x H 0.0510 0.4928 0.4627 0.1504 0.0049 0.2133 0.1573 0.9244 
B 0.0027 <0.0001 <0.0001 <0.0001 0.0233 0.0038 0.1164 0.0005 
H 0.1098 0.8555 0.5144 0.9765 0.0422 0.5161 0.1760 0.2362 
P 0.2796 0.7775 0.4490 0.88833 0.9474 0.8980 0.5929 0.5020 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those on the control body weight curve. 
5Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler diets. 





Table 8:  Effects of dietary amino acid and maternal treatment of production parameters in Cobb 700 female broilers.  The birds were 
progeny from 45 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. 
Treatment 13 d BW g 27 d BW g 39 d BW g 55 d BW g 
0 to 13 d 
FCR5 0 to 27 d FCR 0 to 39 d FCR 0 to 55 d FCR 
0 to 55 d 
Mortality % 
Progeny (B)          
Low AA6 326 1,153b 1,949b 2,992b 1.174a 1.457a 1.631a 1.841a 5.4 
High AA7 351 1,243a 2,122a 3,197a 1.137b 1.393b 1.569b 1.769b 5.0 
SEM 5.5 13.2 22.0 43.6 0.0056 0.0059 0.0093 0.0103 1.1 
          
Maternal (H)          
Low AA 340 1,198 2,054 3,144 1.163 1.425 1.592 1.798 7.4 
High AA 338 1,197 2,016 3,045 1.148 1.425 1.608 1.812 4.9 
SEM 6.7 18.2 28.1 43.8 0.0071 0.0086 0.0106 0.0136 1.0 
          
Pullet BW (P)          
Control 344 1,213 2,044 3,101 1.156 1.424 1.603 1.812 6.5 
Increased 334 1,182 2,026 3,088 1.155 1.426 1.597 1.798 5.8 
SEM 6.1 15.4 28.2 47.0 0.0077 0.0092 0.0114 0.0123 1.1 
          
P-values          
P x H x B 0.7458 0.7822 0.8151 0.1756 0.6643 0.3973 0.9705 0.3593 0.6498 
H x B 0.8047 0.5941 0.8567 0.9530 0.4171 0.5838 0.6233 0.4229 0.4502 
P x B 0.2165 0.4716 0.7514 0.7975 0.1194 0.7811 0.5343 0.9928 0.6498 
P x H 0.1760 0.2874 0.9452 0.6112 0.9608 0.8443 0.7386 0.4358 0.2922 
B 0.0018 <0.0001 <0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 0.8796 
H 0.7962 0.9434 0.1968 0.0803 0.0612 0.9569 0.2134 0.2848 0.1013 
P 0.1936 0.0901 0.5373 0.8223 0.8765 0.7845 0.6583 0.2924 0.6498 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those on the control body weight curve. 
5FCR is adjusted for mortality. 
6Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler diets. 





Table 9:  Effects of dietary amino acid and maternal treatment of processing yield parameters in Cobb 700 female broilers.  The birds 
were progeny from 45 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. 
Effects Carcass, % Fillet, % Tender, % Total white, % Drum, % Thigh, % Wing, % 
Abdominal 
Fat, % 
Progeny (B)         
Low AA5 78.3b 22.2b 4.8b 34.5b 9.0a 13.9 7.2b 1.8a 
High AA6 79.0a 24.2a 5.0a 36.8a 9.9b 13.7 7.4a 1.5b 
SEM 0.19 0.25 0.04 0.29 0.07 0.14 0.04 0.05          
Maternal (H)         
Low AA 78.7 23.3 4.9 35.7 8.9 13.6b 7.3 1.7 
High AA 78.7 23.1 4.9 35.6 9.0 14.0a 7.3 1.6 
SEM 0.21 0.32 0.04 0.39 0.07 0.13 0.05 0.07          
Pullet BW (P)         
Control 78.8 23.2 4.9 35.7 9.0 13.7 7.3 1.7 
Increased 78.6 23.2 4.8 35.6 8.9 13.9 7.4 1.6 
SEM 0.20 0.33 0.04 0.41 0.08 0.14 0.05 0.06          
P-values         
P x H x B 0.3811 0.2983 0.9211 0.4171 0.3850 0.6340 0.3366 0.6122 
H x B 0.9451 0.6475 0.2056 0.8041 0.8301 0.3309 0.3931 0.1204 
P x B 0.6333 0.1061 0.2038 0.1683 0.1628 0.9199 0.9529 0.1671 
P x H 0.7914 0.8832 0.1043 0.6160 0.4309 0.9102 0.9061 0.4115 
B 0.0108 <0.0001 0.0002 <0.0001 0.0247 0.4039 0.0203 0.0009 
H 0.9623 0.7473 0.6685 0.6702 0.2389 0.0064 0.8950 0.1057 
P 0.4482 0.9234 0.2622 0.9507 0.4716 0.5320 0.1610 0.0982 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those on the control body weight curve. 
5Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler diets. 





Table 10:  Effects of dietary amino acid and maternal treatment of production parameters in Cobb 700 male broilers.  The birds were 
progeny from 45 wk old broiler breeder hens fed either low1 or high2 amino acid diets and that were reared on either control3 or 
increased4 BW. 
Treatment 13 d BW g 27 d BW g 39 d BW g 55 d BW g 
0 to 13 d 
FCR5 
0 to 27 d 
FCR 
0 to 39 d 
FCR 
0 to 55 d 
FCR 
0 to 55 d 
Mortality % 
Progeny (B)          
Low AA6 324 1,217b 2,169b 3,458b 1.179a 1.463a 1.650a 1.837a 6.4 
High AA7 333 1,316a 2,394a 3,627a 1.148b 1.394b 1.555b 1.784b 8.3 
SEM 4.5 11.4 21.3 65.4 0.0084 0.0066 0.0130 0.0155 1.7 
          
Maternal (H)          
Low AA 327 1,263 2,281 3,530 1.175 1.433 1.612 1.803 9.7 
High AA 330 1,270 2,282 3,555 1.153 1.424 1.594 1.818 9.2 
SEM 4.5 15.8 33.1 66.9 0.0100 0.0094 0.0159 0.0157 1.6 
          
Pullet BW (P)          
Control 331 1,275 2,302 3,574 1.169 1.437a 1.613 1.823 9.4 
Increased 326 1,258 2,261 3,511 1.158 1.420b 1.593 1.799 9.5 
SEM 4.5 16.5 31.3 63.0 0.0094 0.0098 0.0154 0.0174 1.6 
          
P-values          
P x H x B 0.7791 0.5226 0.2308 0.7205 0.0739 0.8994 0.3203 0.3335 0.5520 
H x B 0.4307 0.8420 0.5760 0.3251 0.2390 0.5138 0.5024 0.6791 0.6100 
P x B 0.8683 0.5043 0.7611 0.3304 0.4594 0.1384 0.5885 0.7418 0.8984 
P x H 0.8383 0.9894 0.6492 0.4658 0.7346 0.3969 0.3035 0.2169 0.3517 
B 0.1935 <0.0001 <0.0001 0.0524 0.0076 <0.0001 <0.0001 0.0118 0.7018 
H 0.5581 0.6903 0.9657 0.7639 0.0597 0.2719 0.2439 0.3995 0.8648 
P 0.4381 0.3043 0.1792 0.4579 0.3385 0.0265 0.2096 0.2135 0.7018 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those on the control body weight curve. 
5FCR is adjusted for mortality. 
6Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler diets. 






Table 11:  Effects of dietary amino acid and maternal treatment of processing yield parameters in 
Cobb 700 male broilers.  The birds were progeny from 45 wk old broiler breeder hens fed either 




Fillet, % Tender, % 
Total 
white, % 
Drum, % Thigh, % Wing, % 
Abdominal 
Fat, % 
Progeny (B)         
Low AA 77.8b 20.7b 4.3b 32.1b 9.9 14.7 7.4 1.4a 
High AA 79.1a 22.7a 4.4a 34.3a 9.8 14.6 7.5 1.1b 
SEM 0.18 0.19 0.04 0.31 0.06 0.11 0.05 0.06          
Maternal (H)         
Low AA 78.3 21.7 4.3 33.2 9.8 14.5b 7.5 1.3 
High AA 78.6 21.7 4.4 33.2 9.9 14.8a 7.4 1.3 
SEM 0.22 0.30 0.04 0.37 0.06 0.11 0.06 0.06          
Pullet BW (P)         
Control 78.6 22.0 4.4a 33.6 9.8 14.5 7.4 1.3 
Increased 78.2 21.3 4.3b 32.8 9.9 14.8 7.5 1.2 






Table 11:  Effects of dietary amino acid and maternal treatment of processing yield parameters in 
Cobb 700 male broilers.  The birds were progeny from 45 wk old broiler breeder hens fed either 





Fillet, % Tender, % 
Total 
white, % 
Drum, % Thigh, % Wing, % 
Abdomina
l Fat, % 
P x H x B 
interaction 
        
Control x Low x 
Low 
  4.2b      
Control x Low x 
High 
  4.6a      
Control x High x 
Low 
  4.4ab      
Control x High x 
High 
  4.5a      
Increased x Low 
x Low 
  4.3ab      
Increased x Low 
x High 
  4.3ab      
Increased x High 
x Low 
  4.2b      
Increased x High 
x High 
  4.3ab      
SEM   0.40      
         
H x B interaction         
Low AA x low 
AA 
     14.8a   
Low AA x high 
AA 
     14.4b   
High AA x low 
AA 
     14.7ab   
High AA x low 
AA 
     14.9a   
SEM      0.11   
         
P-values         
P x H x B 0.4868 0.5586 0.0213 0.2909 0.8403 0.4291 0.3362 0.3834 
H x B 0.4075 0.0796 0.5543 0.1503 0.4104 0.0075 0.3344 0.8855 
P x B 0.2050 0.2744 0.1382 0.5083 0.1120 0.9439 0.2856 0.6679 
P x H 0.3264 0.6138 0.1764 0.7088 0.8715 0.9294 0.8627 0.9078 
B <0.0001 <0.0001 0.0008 <0.0001 0.0687 0.1535 0.2068 0.0002 
H 0.1892 0.4764 0.6385 0.3711 0.2338 0.0448 0.6679 0.9778 
P 0.1048 0.0767 0.0102 0.0940 0.2184 0.7538 0.3862 0.0948 
a-bMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Low amino acid breeder diets were 14% crude protein and isocaloric to the high AA breeder 
diet at 2797 kcal/kg ME. 
2High amino acid breeder diets were 15% crude protein. 
3Control pullet BW represent the Cobb 700 breeder guide weights.  BW were achieved each 
week through regulated feed intake. 
4Increased pullet BW were achieved each week through regulated feed intake higher than those 
on the control body weight curve. 
5Low AA broiler diets were more than 2% lower crude protein than the high amino acid broiler 
diets. 
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ABSTRACT 
The Cobb MV x Cobb 700 male broiler was evaluated for BW and feed conversion ratio (FCR) 
when fed diets of increasing levels of digestible Lys, and ME of the diet within each growing 
phase (0 to 12 d, 12 to 26 d, 26 to 35 d and 35 to 55 d).  Male BW was highest (P<0.0001) at 12 
d and 26 d of age for birds fed increased digestible Lys in addition to increased ME.  However, 
birds were able to compensate with increased feed intake (P<0.0001) when fed increased levels 
of digestible Lys and ME from 26 to 55d to achieve similar BW (P>0.05) compared to the birds 
on the highest level and duration of digestible Lys and ME.  The results for BW and FCR 
suggest that the digestible Lys needs are higher than previously established by NRC (NRC, 
1994) and that of the Cobb 700 Broiler Nutritional Guidelines (Cobb-Vantress, Inc., 2008) for all 
growth phases.  More investigation within each growing phase should be performed to better 






Late maturing, high-yielding broiler strains from Aviagen International and Cobb-Vantress, 
Incorporated are becoming breeds of choice in the United States.  These breeds are considered 
high-yielding in breast meat in comparison to multi-purpose standard commercial strains 
(Aviagen Group, 2019; Cobb-Vantress, Inc., 2019).  The Cobb MV x Cobb 700 high-breast 
yielding broiler breed cross has been on the commercial market since 2015.  High-yielding 
broilers are predominately located in the United States market due to exports and the increasing 
poultry consumption per capita.  From 1987 to 2017 the per capita consumption of poultry meat 
in the United States increased 66.6% to 41.2 kg, broiler production increased 168% to 1.9 
million metric tons/year and exports of broiler meat increased 804% to 3.1 million metric 
tons/year (USDA, 2019).  The increase in broiler meat production can be attributed in part by the 
increase of live broiler BW, where in 1987 the live broiler BW in the United States was 
approximately 1.9 kg and has increased 49% to 2.9 kg in 2017 (NCC, 2019). 
Previous research demonstrated that requirements for digestible Lys differ depending upon 
genotype and gender of the broiler (Sterling et al., 2006).  As these lines have changed, bird 
nutrient needs have as well.   Havenstein and colleagues (2008) studied broilers from a 2001 
breed strain and a 1957 breed strain fed diets comparable to diets from 2001 and 1957, 
demonstrating that the 1957 broiler fed 2001 diets required more than 42 d to reach the same BW 
as the 2001 broiler strain fed 2001 diets, suggesting that the bird’s nutritional needs have 
changed. 
Published research on late-maturing, high-yielding broiler strains is scarce resulting in little 
knowledge of the nutritional requirements of these birds.  The scarcity of research is partly 




the cross to produce the breeder is at least three years.  For instance, the Cobb 700 broiler 
breeder female was first paired with the standard “Cobb Male”.  Next Cobb launched the “Cobb 
MX” male which paired with the same Cobb 700 female producing the next version of the Cobb 
700 broiler.  Then in 2015 the “Cobb MV” male was paired with the Cobb 700 female to 
produce the most modern Cobb 700 broiler, the Cobb MV x Cobb 700 broiler.  These line 
crosses encompassed 12 years since the Cobb 700 introduction in 2007 (Cobb-Vantress, Inc., 
2019). 
This trial was designed to evaluate the effects of feeding increasing digestible Lys and ME to 
Cobb MV x Cobb 700 male broilers to 55 d of age. 
MATERIALS AND METHODS 
Trial Diets and Feeding Phases 
The trial was divided into four feeding phases to mimic Cobb 700 broiler commercial practices: 
starter = 0 to 12 d of age; grower = 12 to 24 d of age; finisher = 24 to 35 d of age; and withdraw 
= 35 to 55 d of age. There were six dietary treatments consisting of increasing the percentage of 
digestible Lys and ME as shown in Tables 1 and 2.  All other amino acids were formulated to 
digestible Lys ratios by feeding phase.  A CP formulation constraint was not imposed as 
digestible Lys increased.  Dietary treatments by feeding phase for all six treatments can be found 
in Table 3..  Feed and water were provided ad libitum. 
Bird Housing and Management 
At 0 d of age, 3,600 Cobb MV x Cobb 700 male broilers were randomly placed into 48 floor 
pens after being vent sexed.  Each pen’s dimensions were 2.44 meters x 3.05 meters, allowing 




capacity (Chore-Time, Inc., Milford, Indiana) resulting in the equivalent of 37.5 birds per 
hanging feeder.  During the brooding phase (0 to 10 d of age) an additional 2 supplemental 
feeder lids were utilized (one per 37.5 birds).  Nipple water lines (Ziggity Systems, Inc., 
Middlebury, Indiana) were used with 12 nipples per pen resulting in 6.25 birds per water nipple.  
One supplemental Biddy drinker (Big Dutchman, Vechta-Calveslage, Germany) was utilized per 
pen during the first 5 days.  Pine wood shavings were used for bedding material at a depth of no 
less than 4”. 
Chicks were given 24 h of continuous light from 1 to 3 d.  At Day 4, daily light h was reduced to 
20 continuous h. At 7 d, the light h was reduced to 18 continuous h for the remainder of the 8-wk 
brooding period. 
Data Collection and Calculations 
Prior to placement, birds were counted into chick boxes of 100 chicks per box.  Chick boxes 
were weighed to obtain the mean chick weight.  Mortality was recorded daily.  Feed intake was 
recorded by pen.  At the beginning of each phase the amount of treatment specific feed assigned 
to that pen was weighed and recorded.  At the end of each phase the remaining feed was weighed 
and recorded.  Any remaining feed at the end of each feeding phase was discarded and the next 
diet assigned to that pen was fed for the appropriate feed phase. 
BW were obtained concurrently with feed changes by feeding phase and represented as total BW 
kg per pen. Feed conversion ratio (FCR) for the pen divided by the number of birds remaining in 
the pen = BW, kg;/bird.  FCR for the pen was calculated for each phase by pen:  feed intake by 
feeding phase/BW for the pen + mortality BW = FCR.  The FCR was also calculated for the 




At the end of the withdraw phase a sample of 6 birds were tagged in each pen.  The sample from 
each pen was obtained by finding the treatment mean and tagging two birds within +1 standard 
deviation of the treatment mean, two birds within -1 standard deviation of the treatment mean, 
one bird within +1 and +2 standard deviation of the treatment mean, and one bird within -1 and -
2 standard deviation of the treatment mean.  Bird tag numbers corresponded to pens.  At 56 d the 
sample birds were processed for yields at the University of Arkansas Pilot Processing Plant in 
Fayetteville, Arkansas.  The following weights were recorded by bird tag number: live BW, 
carcass weight, breast fillet, breast tender, total drum, total thigh, total wing, and abdominal fat.  
Each part weight was calculated as a percent of live BW.  Breast fillets were palpated and scored 
for woody breast and white striping on a 0 to 3 scale where 0 was no incidence, 1 mild incidence, 
2 moderate incidence, and 3 severe incidence. 
Animal Wellbeing 
The birds were reared under industry normal conditions and all animal wellbeing standards were 
conducted according to the Cobb-Vantress, Inc. Animal Wellbeing Standards which meet or 
exceed recommendations of the Professional Animal Auditor Certification Organization 
(PAACO, Kearney, Missouri).  All employees at Cobb-Vantress, Inc. (Siloam Springs, 
Arkansas) that interact with animals are trained monthly, quarterly and yearly on the proper care 
and handling of the birds. 
Statistical Analysis 
The experimental design for this trial was a complete randomized block design.  Analysis of 
variance was performed using JMP 14 software and means were separated by Tukey’s-Kramer; 




fed the same diets in a feeding phase pens were considered one treatment, i.e. for the starter 
phase treatments 1, 2, 3 and 4 were on the same diet and analyzed as one treatment until the 
following growing/feeding phase.  In the grower phase T1, T2 and T3 were on the same diet, 
however T4 was analyzed at this point as another treatment. 
RESULTS AND DISCUSSION 
Growth performance 
Starter phase BW were highest (P<0.0001) for birds fed diets with the highest levels of digestible 
Lys and ME in T6 (Table 4); however, T1 to T4 and T5 did not differ in BW (P>0.05).  The 
grower phase BW of birds fed T6 were highest (P<0.0001), and those of T1 to T3, T4, and T5 
being similar (P>0.05).  Birds fed T6 had higher finisher (35 d) BW compared to birds fed T1 to 
T2 (P<0.05) with birds fed T3 to T5 having intermediate BW.  Similarly, the BW of birds fed T6 
in the withdraw phase (55 d) was higher (P<0.001) than the birds fed T1 to T3, with bird fed T4 
and T5 being intermediate BW. 
Mortality adjusted FCR was highest (P<0.0001) for the starter phase of those treatments fed the 
lowest level of digestible Lys and ME of T1 to T4, which was similar (P>0.05) to birds fed the 
T5 diet with an FCR of 1.083 (Table 4).  The starter phase FCR of T6 was lowest (P<0.0001).  
The grower phase diets of T1 to T3 had the highest (P<0.0001) FCR of 1.319, and lowest FCR 
(P<0.0001) was observed in treatments of T4, T5 and T6.  The finisher phase diets of T5 and T6 
had the lowest (P<0.0001) FCR of 1.369 and 1.337, respectively.  Finisher phase treatments of 
T1 and T2 that had been fed the lowest digestible Lys and ME had the highest (P<0.0001) FCR 




was lowest (P<0.0001) for T2, T4, T5 and T6, the FCR of T1 was highest (P<0.0001), with T3 
having an intermediate response. 
The 56 d processing live BW were highest (P<0.01) for birds of T5 and T6; and were lowest 
(P<0.01) for T1 birds, with birds fed T2 to T4 having intermediate BW (Table 5). There were no 
significant differences (P > 0.05) among treatments for all carcass parts as a percentage of live 
BW.  Breast quality measurements for woody breast and white striping also had no significant 
differences (P > 0.05) for all treatments (Table 6). 
DISCUSSION 
Body weight increased in response to digestible Lys and ME.  Dietary digestible Lys is 
considered an essential amino acid in poultry, and especially for the deposition of breast muscle 
in high-yielding commercial broilers.  The Cobb MV x Cobb 700 broiler has been bred for 
improved overall body carcass yield, and especially that of white breast meat as a percent of their 
live BW.  The increase of digestible Lys from 1.20 to 1.24% and increase in ME from 2,996 to 
3,084 kcal/kg in the starter phase did not result in increased BW (P > 0.05).  However, increasing 
the digestible Lys to 1.38 resulted in higher BW (P < 0.0001) in the starter phase.  Although the 
BW was not different (P>0.05) between birds fed 1.20% digestible Lys and 2,996 kcal/kg ME 
compared to those fed digestible Lys % of 1.24 and 3,084 kcal/kg ME,  BW was increased 
(P<0.0001) when the birds were fed 1.38% digestible Lys and 3,084 kcal/kg ME.  It appears that 
the Cobb MV x Cobb 700 male broilers dietary requirement for digestible Lys maybe above 
1.24% digestible Lys in the starter phase.  Since the ME of T5 and T6 were equal, the increase in 
BW (P<0.0001) was driven by the increased digestible Lys or the increase in Lys in relationship 




When birds were reared on the lowest combination of digestible Lys and ME kcal/kg during the 
starter and grower phases and then fed on increased digestible Lys and ME kcal/kg in the finisher 
phase they were able to achieve similar BW of those fed the highest levels during the starter, 
grower and finisher phases.  The birds were able to achieve this BW with increased FCR 
(P<0.0001) in all three phases.  In previous work the digestible Lys need Cobb Male x Cobb 700 
(previous Cobb 700 breed cross) in the third growing phase (28d to 42d) was found to be 0.99% 
for BW gain, 1.05% for FCR, 0.94% for carcass weight, and 0.95% for breast weight [11].  This 
study would suggest that the Cobb MV x Cobb 700 need for digestible Lys is higher than that of 
the previous Cobb Male x Cobb 700 broiler for BW.  The FCR response within the starter phase 
would conversely agree with the BW responses previously discussed.  Hence, FCR was lowest 
(P < 0.0001) when the birds were fed the highest digestible Lys % and ME kcal/kg suggesting 
that the need for digestible Lys is above that of 1.24%.  Although FCR response continued to 
improve with increasing ME (0 to 56 d), digestible Lys ranging from 1.19 to 1.23% in the grower 
phase, 0.98 to 1.08% in the finisher phase and 0.93 to 1.04% in the withdraw phase, supported 
good 0 to 55d FCR. 
Unlike the live bird results for BW and FCR, processing yields were not significantly different 
(P>0.05) for any part weights as percentages of live weight.  Many studies have shown that 
dietary amino acid density fed in the first growth phase can have residual positive effects for 
processing yields (Sterling et al., 2006; Havenstein et al., 2003; Dozier et al., 2010; Kidd et al., 
1998; Kidd and Fancher, 2001; Sterling et al., 2003; Garcia and Batal, 2005; Garcia et al., 2006; 
Plumstead et al., 2007; Dozier et al., 2012).  The current work suggests that the higher digestible 
Lys levels were either not high enough in some of the treatments, or possibly in the case of T6, 




yields in the third and fourth phase.  Although there were no differences in percentage of yields, 
total meat processed of carcass parts were higher (P<0.05) due to the increased processed BW 
(data not presented). 
Woody breast and white striping are of interest to the commercial broiler industry as the increase 
in breast myopathies results in increased downgrade or condemnation of valuable white meat.  
The results of this study suggest that the accumulated digestible Lys intake may not have been 
sufficient to result in an increase in the incidence of breast myopathies. 
CONCLUSIONS 
Our results with this trial found that the dietary requirements of the Cobb MV x Cobb 700 male 
broiler and maybe that of high-yielding broilers are higher than not only the NRC 
recommendations (NRC, 1994), but that of the Cobb 700 Broiler Nutrition Guide (Cobb, 2008).  
This would agree with our hypothesis that the requirements are different; however, this trial does 
not define what the digestible Lys requirements are.  Further digestible Lys titration trials within 
each growing phase should be performed to more accurately understand what the digestible Lys 
requirements for the Cobb 700 for body weight, feed conversion and processing yield should be 
set. 
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Table 1:  Composition of experimentation diets1 fed to Cobb MV x Cobb 700 male broilers from 0d to 12d, 12d to 26d, 26d to 35d and 
35d to 55d of age 
 Treatments 
 Starter diet (0 to 12d) Grower diet (12 to 26d) Finisher diet (26 to 35d) Withdraw diet (35 to 55d) 
Ingredients % of 
diet 12 to 4 5 6 1 to 3 4 and 5 6 1 and 2 4 and 5 6 1 2 to 5 6 
Corn 59.12  54.62  46.82  61.74  53.24  51.24  67.97  63.45  57.20  69.76  65.65  60.23  
Soybean meal 35.01  37.22  43.68  31.81  36.88  38.51  25.24  27.11  32.32  23.75  25.25  29.68  
Poultry Fat 2.54  4.83  6.20  3.44  6.83  7.19  3.82  6.48  7.58  3.50  6.11  7.08  
Dicalcium P  1.94  1.94  1.89  1.79  1.77  1.76  1.61  1.61  1.57  1.62  1.62  1.59  
Alimet3  0.34  0.36  0.43  0.28  0.34  0.36  0.27  0.29  0.34  0.24  0.26  0.32  
Limestone     0.31  0.29  0.26  0.30  0.27  0.27  0.31  0.29  0.27  0.31  0.30  0.28  
Salt 0.19  0.20  0.22  0.27  0.28  0.28  0.24  0.25  0.27  0.25  0.25  0.26  
L-Lys HCl 0.16  0.15  0.12  0.10  0.10  0.10  0.16  0.14  0.12  0.14  0.13  0.14  
Threonine 98% 0.11  0.11  0.12  0.06  0.08  0.09  0.04  0.04  0.05  0.09  0.10  0.11  
Mineral Premix4 0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10  
Choline 0.09  0.08  0.06  - - - 0.13  0.12  0.10  0.13  0.13  0.11  
Vitamin Premix5 0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  
Zoamix 25%6 0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05  
1Experimentation diets consisted of different percentage of digestible Lys and different ME. 
2Treatment 1 diets were set to Cobb 700 broiler nutrition recommendations for digestible Lys as a percentage of diet and ME, kcal/kg; 
by age. 
3Alimet is the tradename for liquid methionine produced by Novus International, Saint Charles, Missouri. 
4Mineral premix contained in diets:  Manganese = 120, ppm; Zinc = 110, ppm; Selenium = 0.30, ppm; Iron = 45, ppm; Iodine = 3.5, 
ppm; Copper = 125, ppm 
5Vitamin premix contained per metric ton:  Vitamin A = 13,343, IU; Vitamin D3 = 5,810 IU; Vitamin E = 119, IU; Vitamin K = 6.52, 
g; Thiamine = 5.34, g; Riboflavin = 15.27, g; Niacin = 54.69, g; Pantothenic acid = 32.90, g; Pyridoxine = 7.08, g; Biotin = 0.43, g; 
Folic acid = 4.49, g; Vitamin B12 = 0.076, g 






Table 2:  Composition of experimentation diets1 fed to Cobb MV x Cobb 700 male broilers from 0 to 12d, 12 to 26d, 26 to 35d and 35 
to 55d of age  
 Treatments 
 Starter diets (0 to 12d) Grower diets (12 to 26d) Finisher diets (26 to 35d) Withdraw diets (35 to 55d) 
 
Nutrients, %2 13 to 4 5 6 1 to 3 4 and 5 T6 1 and 2 3 to 5 6 1 2 to 5 6 
ME, kcal/kg 2,996 3,084 3,084 3,084 3,194 3,194 3,172 3,282 3,282 3,172 3,282 3,282 
CP 21.0 21.6 24.0 19.6 21.3 21.9 17.0 17.6 19.5 16.5 17.3 19.0 
Calcium 0.90 0.90 0.90 0.84 0.84 0.84 0.76 0.76 0.76 0.76 0.76 0.76 
Available P 0.45 0.45 0.45 0.42 0.42 0.42 0.38 0.38 0.38 0.38 0.38 0.38 
Sodium 0.19 0.19 0.20 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 
Cloride 0.20 0.20 0.20 0.22 0.22 0.22 0.24 0.24 0.24 0.24 0.24 0.24 
Na+K-Cl, mEq/kg 276 285 316 265 285 292 229 235 258 223 232 252 
Digestible Arg 1.30 1.36 1.54 1.21 1.34 1.39 1.03 1.07 1.21 0.97 1.00 1.14 
Total Lys 1.33 1.37 1.53 1.19 1.32 1.36 1.05 1.08 1.21 1.00 1.03 1.17 
Digestible Lys 1.20 1.24 1.38 1.07 1.19 1.23 0.95 0.98 1.09 0.90 0.93 1.06 
Total Met 0.63 0.65 0.73 0.55 0.63 0.65 0.51 0.53 0.60 0.48 0.49 0.56 
Digestible Met 0.60 0.62 0.71 0.53 0.60 0.63 0.49 0.51 0.58 0.46 0.47 0.54 
Digestible TSAA 0.89 0.92 1.02 0.80 0.89 0.92 0.74 0.76 0.85 0.70 0.76 0.85 
Digestible Trp 0.23 0.24 0.27 0.21 0.23 0.24 0.18 0.18 0.21 0.18 0.18 0.21 
Digestible Thr 0.78 0.81 0.90 0.70 0.77 0.80 0.59 0.61 0.68 0.61 0.63 0.72 
Digestible Ile 0.82 0.86 0.96 0.73 0.82 0.86 0.65 0.68 0.76 0.65 0.67 0.77 
Digestible Val 0.90 0.93 1.04 0.79 0.90 0.92 0.74 0.76 0.85 0.70 0.72 0.83 
Choline, mg/kg 1,742 1,742 1,742 1,220 1,304 1,337 1,742 1,742 1,742 1,742 1,742 1,742 
1Experimentation diets consisted of different percentage of digestible LYS and different ME. 
2Treatment 1 diets were set to Cobb 700 broiler nutrition recommendations for digestible Lys as a percentage of diet and ME, kcal/kg; 
by age. 







Table 3: Experimental design by treatment of diets fed to Cobb MV x Cobb 700 male broilers with increasing digestible Lys as 
percentages of the diets and ME (kcal/kg) in the diets fed 0 to 12 d, 12 to 26 d, 26 to 35 d and 35 to 55 d of age. 
 
Age phases in the experiment 
 
 
0 to 12 d 12 to 26 d 26 to 35 d 35 to 55 d 
Treatment ME, kcal/kg 
Digestible 
Lys, % ME, kcal/kg 
Digestible 
Lys, % ME, kcal/kg 
Digestible 



















6 1.38% 1.23% 1.08% 1.04% 






Table 4:  Cobb MV x Cobb 700 male broilers fed diets* with increasing digestible Lys as a percentage of the diet and ME (kcal/kg) by 
ages 0 to 12d, 12 to 26d, 26 to 35 and 35 to 55d, body weights and adjusted feed conversion for mortality (FCR) 
 Treatment with increasing digestible Lys* and ME kcal/kg# of the diets   
  1  2  3  4  5  6 SEM P-Value 
Body weight, g               
12d    322
b    326b  342a 2.6 <0.0001 
26d  1,303b  1,327b  1,336b  1,393a 11.2 <0.0001 
35d  2,150b  2,193ab  2,197ab  2,210ab  2,271a 17.0 0.0003 
55d  4,014c  4,077bc  4,076bc  4,111abc  4,134ab  4,219a 27.2 0.0004 
FCR               
0d to 12d    1.102
a    1.083a  1.042b 0.0064 <0.0001 
0d to 26d  1.319a  1.265b  1.248b  1.228b 0.0076 <0.0001 
0d to 35d  1.425a  1.418a  1.372b  1.369bc  1.337c 0.0067 <0.0001 
0d to 55d  1.716a  1.659b  1.660ab  1.646b  1.648b  1.610b 0.0112 <0.0001 
a-cMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
*Treatments were fed diets with the following different digestible Lys as a percentage of the diet for ages 0d to 12d, 12d to 26d, 26d to 
35d and 35d to 55d respectively; T1 = 1.20, 1.07, 0.95, 0.90%; T2 = 1.20, 1.07, 0.95, 0.93%; T3 = 1.20, 1.07, 0.98, 0.93%; T4 = 1.20, 
1.19, 0.98, 0.93%; T5 = 1.24, 1.19, 0.98, 0.92%; T6 = 1.38, 1.23, 1.08, 1.04% 
#Treatments were fed diets with the following different ME, kcal/kg; by diet for ages 0d to 12d, 12d to 26d, 26d to 35d and 35d to 55d 
respectively; T1 = 2996, 3084, 3172, 3172; T2 = 2996, 3084, 3172, 3282; T3 = 2996, 3084, 3282, 3282; T4 = 2996, 3194, 3282, 3282; 






Table 5:  Cobb MV x Cobb 700 male broilers fed diets differing in digestible Lys as a percent of diets and ME (kcal/kg) of diets at 




   
 1 2 3 4 5 6 SEM P-value 
Body weight, g 3,822b 3,928ab 3,964ab 3,976ab 4,039a 4,065a 38.3 0.0014 
Carcass, % 80.0 79.9 80.1 80.2 80.1 80.5 0.18 0.2243 
White meat, % 29.2 29.1 28.9 29 28.9 29.9 0.29 0.1247 
Fillet, % 24.6 24.5 24.4 24.5 24.4 25.3 0.27 0.1839 
Tenders, % 4.6 4.6 4.5 4.5 4.4 4.6 0.07 0.2488 
Wings, % 7.4 7.5 7.3 7.5 7.4 7.5 0.06 0.1921 
Thighs, % 14.6 14.5 14.6 14.6 14.6 14.4 0.80 0.8731 
Drums, % 9.5 9.6 9.6 9.5 9.5 9.6 0.10 0.9762 
Abdominal fat, % 1.4 1.4 1.5 1.3 1.5 1.2 0.06 0.1020 
a-cMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
*Treatments were fed diets with the following different digestible Lys as a percentage of the diet for ages 0d to 12d, 12d to 26d, 26d to 
35d and 35d to 55d respectively; T1 = 1.20, 1.07, 0.95, 0.90%; T2 = 1.20, 1.07, 0.95, 0.93%; T3 = 1.20, 1.07, 0.98, 0.93%; T4 = 1.20, 
1.19, 0.98, 0.93%; T5 = 1.24, 1.19, 0.98, 0.92%; T6 = 1.38, 1.23, 1.08, 1.04% 
#Treatments were fed diets with the following different ME, kcal/kg; by diet for ages 0d to 12d, 12d to 26d, 26d to 35d and 35d to 55d 
respectively; T1 = 2996, 3084, 3172, 3172; T2 = 2996, 3084, 3172, 3282; T3 = 2996, 3084, 3282, 3282; T4 = 2996, 3194, 3282, 3282; 









Table 6:  Cobb MV x Cobb 700 male broiler breast fillet myopathy scores& as mean percentages% for wooden breast and white 
striping. 
 Treatments with increasing percent digestible Lys
* and increased ME, kcal/kg#   
 1 2 3 4 5 6 SEM P-Value 
Males white striping, %         
Score 0.5 4.6 22.9 19.2 6.3 4.2 6.7 4.50 0.0244 
Score 1.0 71.3 52.5 50 61.3 66.3 60.8 7.19 0.3257 
Score 2.0 24.2 22.5 30.8 32.5 29.6 32.5 6.71 0.8527 
Score 3.0 0.0 2.1 0.0 0.0 0.0 0.0 0.35 0.4296 
Males wooden breast, %         
Score 0.0 4.6 8.3 4.2 4.2 4.2 0.00 2.61 0.5450 
Score 0.5 27.5 31.3 31.7 23.8 23.8 34.2 6.70 0.8354 
Score 1.0 32.9 27.9 35.4 37.1 32.1 44.2 7.00 0.7040 
Score 2.0 23.3 17.1 17.5 23.8 22.9 14.6 6.18 0.8637 
Score 3.0 11.7 15.4 11.3 11.3 17.1 7.1 5.04 0.7939 
*Treatments were fed diets with the following different digestible Lys as a percentage of the diet for ages 0d to 12d, 12d to 26d, 26d 
to 35d and 35d to 55d respectively; T1 = 1.20, 1.07, 0.95, 0.90%; T2 = 1.20, 1.07, 0.95, 0.93%; T3 = 1.20, 1.07, 0.98, 0.93%; T4 = 
1.20, 1.19, 0.98, 0.93%; T5 = 1.24, 1.19, 0.98, 0.92%; T6 = 1.38, 1.23, 1.08, 1.04% 
#Treatments were fed diets with the following different ME, kcal/kg; by diet for ages 0d to 12d, 12d to 26d, 26d to 35d and 35d to 55d 
respectively; T1 = 2996, 3084, 3172, 3172; T2 = 2996, 3084, 3172, 3282; T3 = 2996, 3084, 3282, 3282; T4 = 2996, 3194, 3282, 3282; 
T5 and T6 = 3084, 3194, 3282, 3282 
&Myopathy scores were assigned to the breast fillets as:  0 = no incidence, 0.5 = slight incidence, 1.0 = low incidence, 1.5 = mild 
incidence, 2.0 = moderate incidence, 3.0 = severe incidence 
















Cobb MV x Cobb 700 broiler response to eight varying levels of protein with emphasis on 
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ABSTRACT 
There is limited information on the nutritional needs of Cobb 700 broiler chickens, and 
especially the Cobb MV x Cobb 700 breed cross.  Two studies (females and males) were 
conducted to establish the need of digestible lysine for the Cobb MV x Cobb 700 broiler from 0 
to 14 d of age.  Each experiment consisted of 48 floor pens in a randomized complete block 
design.  Each pen was assigned one of eight different diets with increasing digestible Lys, %; 
levels by treatment (T) (T1=0.90%, T2=0.98%, T3=1.06%, T4=1.14%, T5=1.22%, T6=1.30%, 
T7=1.38% and T8=1.46%) to determine the digestible Lys, %; needs for BW gain and mortality 
adjusted feed conversion (FCR).   The need of digestible Lys, %; of the Cobb MV x Cobb 700 
female and male broiler for BW gain from 0 to 14d was estimated to be 1.30 and 1.26%, 
respectively; and the need of digestible Lys, %; for FCR from 0 to 14d of age was estimated to 
be 1.30 and 1.31%, respectively. 
After the titration phase of the studies was completed it was considered that live performance or 




isoprotein basal diets.  Instead, birds remained on eight different levels of digestible Lys that 
remained in incremental increases of 0.08% digestible Lys.  For instance, birds from 14 to 28d 
were fed diets containing digestible Lys, %; of T1=0.76, T2=0.84, T3=0.92, T4=1.00, T5=1.08, 
T6=1.16, T7=1.24 and T8=1.32%.  The bires were processed at 54 d of age. 
Female broilers % carcass yield was highest for digestible Lys, %; diets at or above T5 
(P<0.0001), for breast fillet yield, %; of BW was highest (P<0.0001) at digestible Lys, %; levels 
in diets at or above T6, and for tender yield, %; of live was highest (P<0.0001) when fed 
digestible Lys, %; diets at or above T4 (P<0.0001).  The quadratic response for female’s 
response to digestible Lys intake for 0 to 53 d BW gain, 0 to 53 d FCR and total white meat yield 
(g) were estimated at 57.3 g, 55.6 g and 60.1 g, respectively.   
Male broilers carcass yield, %; was lower (P<0.0001) for digestible Lys diets fed at or below T3; 
however, diets with digestible Lys at or above T4 were sufficient and may be in excess of needs 
for carcass yield as a percent of live BW.  Male percent breast fillet yield of live BW was highest 
(P<0.0001) for birds fed digestible Lys levels of T5 and above.  The male quadratic response to 
digestible Lys intake for 0 to 53d BW gain, 0 to 53d FCR and total white meat yield (g) was 
estimated at 63.1 g, 64.2 g and 65.0 g, respectively.   
INTRODUCTION 
Many approaches have been taken to establish the requirements of digestible lysine and other 
nutrients of broilers.  Previous work has estimated different requirements based on genotype and 
phenotype (Sterling et al., 2006).  The Cobb MV x Cobb 700 broiler is a commercial high-
yielding late-maturing broiler that is designed for increased breast yield as a percentage of live 




MV x Cobb 700 broiler cross has not been evaluated for its sensitivity to digestible Lys, which is 
a key nutrient for skeletal muscle formation, which in turn makes digestible Lys a key nutrient 
for a high yielding broiler breeder (Leclercq, 1998). 
The National Research Council’s most recent Lys recommendations for a growing chicken from 
0 to 3 wk of age is 1.10% total, 3 to 6 wk is 1.00% total, and 6 to 8 wk of age is 0.85% total 
(NRC, 1994).  If these total lysine requirements are met by a corn-soybean meal based diet 
which has approximately 88% digestible Lys, the requirements of digestible Lys for 0 to 3 weeks 
would be 0.968% digestible Lys, 3 to 6 weeks would be 0.88% digestible Lys, and for 6 to 8 
weeks of age 0.748% digestible Lys (Cemin et al., 2017; NRC, 1994).  The Cobb 700 broiler 
performance and nutrition supplement suggests that the need of digestible Lys of the Cobb 700 
broiler is 1.22% in the starter phase (0 to 10 d), 1.08% in the grower phase (11 to 22 d), 0.99% in 
the first finisher phase (23 to 42 d), and 0.95% in the second finisher phase (43 d to end) is 
(Cobb, 2008).  The difference between these two recommendations are attributed to changes in 
the breeds since the latest NRC recommendations. Many of the broiler breeds used in published 
research chosen to set the NRC recommendations are no longer commercially available.  In 
previous work using high-yielding, late-maturing broilers (i.e., Ross x Ross 708) the digestible 
Lys requirement for females in the starter phase (1 to 15d) was estimated to be 1.27% for BW 
gain (Dozier, 2012).  Since the former work the male breeder for the Ross 708 has changed to a 
Ross RY+ male, which may necessitate more digestible Lys for performance optimization.  The 
digestible Lys needs of Hubbard x Cobb 500 female broilers for BW gain and feed conversion 
(FCR) was estimated to be 1.18 and 1.26%, respectively (Dozier, 2012).  In two experiments 
with Cobb 500 male by-product broiler the 0 to 21 d need of digestible Lys for BW gain was 




(Garcia, 2005).  However, the Cobb 500 male by-product line is a two-way genetic standard 
parent male and is not representative of the high-yielding, late-maturing, four-way genetic broiler 
cross of the Cobb MV x Cobb 700 broiler.  The requirements of each breed and breed cross are 
different and continually changing with genetic progress of increased whole-body protein and 
decreased whole body fat (Dozier, 2012; Garcia, 2005).  Moreover, there is no published data for 
the Cobb MV x Cobb 700 dietary needs for Lys.  The purpose of these experiments was to 
evaluate live production and processing yield responses to eight increasing digestible Lys levels 
in diets to measure the optimal amino acid density needed for the Cobb MV x Cobb 700 male 
and female broiler. 
MATERIALS AND METHODS 
Bird Husbandry 
Two experiments were conducted to measure live performance and processing characteristics of 
Cobb MV x Cobb 700 broilers.  These experiments were approved by the University of Arkansas 
Institutional Animal Care and Use Committee protocol 19001.  Twenty-three hundred eggs were 
obtained from a 55 wk old broiler breeder flock and incubated at the University of Arkansas 
Agricultural Experimental Station Hatchery (Fayetteville, Arkansas).  At hatch chicks were 
identified by gender through cloaca examination, transferred to an experimental floor pen 
facility, and placed in floor pens with built up pine shavings (48 pens of males and 48 pens of 
females for two separate experiments).  Each pen measuring 1.83 x 1.07 m contained 18 chicks 
and was equipped with a 14.5 kg capacity hanging feeder and a nipple drinker line (3.6 birds per 
nipple).  Radiant tube-gas heating was used in addition to minimum ventilation for brooding and 
air exchange, respectively.  All four corners of the experimental facility contained exhaust fans, 




Chicks were exposed to continuous photoperiod (24L:0D) from placement to 3 d, 20:4D 
photoperiod from 4 to 7 d, and then maintained on 19L:5D photoperiod onward. 
Dietary Treatments 
All diets were formulated to meet or exceed nutrient needs (Cobb 2008).  Dietary treatments 
represented graduations in digestible Lys and were administered ad libitum from placement to 53 
d in phases: 0 to 14 d, 14 to 28 d, 28 to 41 d, and 41 to 53 d of age in both the male and female 
experiments.  Isocaloric diets were formulated with corn and soybean meal and digestible Lys 
reductions were achieved by allowing CP to be reduced (Table 1).  Essential amino acid ratios to 
Lys were maintained per phase (Table 2) in the corn and soybean meal blends by allowing L-Lys 
HCl and L-Thr to enter formulation.  Digestible Lys levels by phase were: 0 to 14 d, 0.90 to 
1.46% digestible Lys in 0.08% increments; 14 to 28 d, 0.76 to 1.32% digestible Lys in 0.08% 
increments; 28 to 41 d, 0.66 to 1.22% digestible Lys in 0.08% increments; and 41 to 53 d 0.61 to 
1.17% digestible Lys in 0.08% increments.  The eight graded levels of ascending digestible Lys 
are presented as T1 through T8 in their respectively phases.  Each diet was sampled in the feed 
mill and analyzed for CP and total Lys.  Males and females received the same experimental diets. 
Parameters measured 
In both experiments, chicks were weighed by pen at d 0, 14, 28, 41, and 53.  Feed disappearance 
was measured from 0 to 14, 14 to 28, 28 to 41, and 41 to 53 d of age.  The pens were checked for 
mortality twice daily and broilers that died were weighed.  The weight of dead birds was 
subtracted from feed disappearance in calculating feed to BW gain ratio.  Live performance (BW 
gain, feed to gain, mortality, and digestible Lys intake) was assessed from the 0 to 14 d phase, 




estimated.  Whereas the 0 to 41 and 0 to 53 d phase represent a tray-pack and big bird debone 
markets, respectively. 
On d 53 in both experiments, pen BW was used to calculate pen mean and SD.  Three birds 
greater than two SD from pen mean and three birds less than two SD from pen mean were 
randomly selected for processing, tagged, and moved to a pen with ad libitum water access.  The 
six birds per pen selected for processing were reweighed for BW after a nine hr feed withdrawal 
period.  In both experiments, processing was conducted in a pilot processing plant.  Birds were 
euthanized after stunning and severing of the jugular vein, scalded.  After birds exited the feather 
picker, all subsequent processing (e. g., hock removal, evisceration, and lung removal) was done 
manually.  Carcasses were not placed in ice water and were deboned with no chilling after 
evisceration manually on cones.  Yield percentages were calculated as percentages of live BW 
by bird and then the pen average was used as the statistical experimental unit.  White striping and 
woody breast scores were measured by palpation of the hot deboned, breast fillet and scored on 
the follow 0 to 3 scale: 0.0 = no incidence; 0.5 = slight incidence; 1.0 = low incidence; 1.5 = 
mild incidence; 2.0 = moderate incidence; and 3.0 = severe incidence. 
Statistical Analysis 
The experimental design for both trials was a randomized complete block design with one factor 
of eight dietary treatments.  The eight dietary treatments fed to six replicate pens per treatment 
for a total of 48 pens arranged in 6 randomized blocks per experiment, where pen was the 
experimental unit. Wooden breast and white striping scores were converted to percentages of the 
proportions of total count for the pen.  One-way ANOVA mean separation using Tukey-Kramer 
HSD was performed for BW gain, mortality feed to gain, total digestible Lys intake, processing 




percentages using JMP 14 software (SAS Institute, Inc.; Raleigh, North Carolina).  Blocking was 
considered a random effect and was not significant in any model for BW gain, feed to gain, total 
digestible Lys, processing yields or breast fillet score percentages.  JMP 14 nonlinear curve 
function with the broken-line model was used to determine the 0d to 14d BW gain and feed to 
gain responses to digestible Lys.  The broken-line model for prediction of optimal level of 
digestible Lys from d 0 to 14 was: 
If (intercept 1 – intercept 2) ÷ (slope 1 – slope 2) > digestible Lys, %,  
then (intercept 1 + slope 1) x digestible Lys, %;  
else, (intercept 2 + slope 2) x digestible Lys, % 
JMP 14 fit curve quadratic polynomial was used to determine the optimal level of digestible Lys 
intake for the responses of 53 d BW, 0 to 53 d feed to gain, and 54 d white meat yield.  The 
estimation curve for the quadratic polynomial was defined as:  intercept + slope * digestible Lys 
intake + quadratic * digestible Lys intake2. 
 
RESULTS AND DISCUSSION 
Many researchers have observed differences in nutrient needs based on genotype and gender 
(Sterling et al., 2006).  To our knowledge there is no published data on the high-yielding 
genotype of the Cobb MV x Cobb 700 of either gender.  The initial phase of the experiments 
herein was to determine the need of digestible Lys of the female and male Cobb MV x Cobb 700 
broilers in the growing phase (0 to 14 d) by feeding birds on eight levels of incrementally 




Experiment 1 and 2:  Live performance 
The linear broken polynomial for the 0 to 14 d period generated asymptote responses to 
digestible Lys for female BW gain and FCR, and male BW gain and FCR of:  1.30, 1.30, 1,26 
and 1.31%, respectively (Table 3).  This conflicts with previous studies estimating the need of 
digestible Lys for optimal FCR response is higher than the level for optimal BW gain response 
(Jensen et al., 1980; Hickling et al., 1990; Moran and Bilgili, 1990; Schutte and Pack, 1995, 
Laclercq, 1998).  The quadratic polynomial for the 0 to 14 d period generated asymptote 
responses to digestible Lys intake for female BW gain and FCR, and male BW gain and FCR of:  
5.6, 6.8, 5.4 and 5.1 g, respectively (Table 4). This would agree with work by Pesti and Miller 
(1997) that the need for BW gain and FCR are different. 
Female BW gains from 0 to 14 d were highest for T6 and different (P<0.0001) than T4, with T5 
being intermediate (Table 5).  However, the male BW gain for the 0 to 14 d period was 
optimized with T4 which was different (P<0.0001) than T1, with T2 and T3 being intermediate.  
Female and male BW gains from 0 to 41 d were highest for T5 and different (P<0.0001) than T3, 
with T4 being intermediate.  Female BW gains from 0 to 53 d were highest for T8 and different 
(P<0.0001) than T3, with T4, T5, T6 and T7 being intermediate.  However, the male BW gains 
from 0 to 53 d were highest for T6 and different (P<0.0001) than T3, with T4 and T5 being 
intermediate.  
Female FCR from 0 to 14 d was lowest for T6 and different (P<0.0005) than T2, with T3, T4 and 
T5 being intermediate (Table 5).  However, the male FCR for the 0 to 14 d period was optimized 
with T5 which was different (P<0.0001) than T1, with T2, T3 and T4 being intermediate.  
Female and male FCR from 0 to 41 d was lowest for T8 and different (P<0.0001) than T6, with 




than T7.  However, the male FCR for the 0 to 53 d period was lowest for T8 and different 
(P<0.0001) than T5, with T6 and T7 being intermediate. 
Female digestible Lys intake from 0 to 14 d and 0 to 41 d, was highest for T8 and different 
(P<0.0001) than T7 (Table 5).  However, the male digestible Lys intake from 0 to 14 d and 0 to 
41 d, was highest for T8 and different (P<0.0001) than T6, with T7 being intermediate.  The 
female digestible Lys intake from 0 to 53 d was highest for T8 and different (P<0.0001) than T6, 
with T7 being intermediate.  However, the male digestible Lys intake from 0 to 53 d was highest 
for T8 and different (P<0.0001) than T7.  Previously it has been reported that broilers that have 
insufficient digestible Lys intake early have a lower sensitivity to digestible Lys than birds fed 
higher digestible Lys levels early (Bastianelli et al., 2005).  The findings in this study suggests 
that the birds fed higher digestible Lys levels did not utilize their increased intake as efficiently 
as those fed lower digestible Lys levels for BW gain or FCR.   
The female BW gain and FCR for 0 to 53 d, and 54 d white meat yield quadratic responses to 
digestible Lys intake optimal levels were estimated at 57.3, 55.6 and 60.1 g, respectively (Table 
4). This again conflicts with previous studies estimating the need of digestible Lys for optimal 
FCR response is higher than the level for optimal BW gain response (Jensen et al., 1980; 
Hickling et al., 1990; Moran and Bilgili, 1990; Schutte and Pack, 1995, Leclercq, 1998).  
However, the male BW gain and FCR from 0 to 53 d, and 54 d white meat yield quadratic 
responses to digestible Lys intake optimal levels were estimated at 63.1, 64.2 and 65.0 g, 
respectively.  The male response would agree with previous work suggesting that the need for 
digestible Lys is for FCR than BW gain, and even higher for white meat yield than FCR (Jensen 
et al., 1980; Hickling et al., 1990; Moran and Bilgili, 1990; Schutte and Pack, 1995, Leclercq, 




Experiment 1 and 2:  Processing performance 
For studies in the past done during the broiler starter phase of 0 to 14d of age, the research was 
not extended to evaluate processing responses (Dozier, 2012; Garcia, 2005).  Converting broilers 
that had been on differing levels of digestible Lys in the starter phase and then placing them on a 
basal diet up to processing would result in the extreme deficient digestible Lys broilers receiving 
a significant increase in digestible Lys at 14 d, or conversely the birds that had been fed an 
excess of digestible Lys would have a significant decrease in digestible Lys at 14 d.  For this 
research we kept the birds at the different eight levels of digestible Lys. Throughout the study all 
diets within T5 were set at the Cobb 700 broiler recommendations for all nutrients including 
digestible lysine (Cobb, 2008).  The recommendations of the NRC for digestible Lys could be 
compared to those of T4 (NRC, 1994).   
Carcass yields are presented as percentages of live BW (Table 6).  The debone market age (54 d) 
female carcass yields were highest of T6 and different (P<0.0001) than T4, with T5 being 
intermediate.  However, 54 d male carcass yield was highest at T4 and different (P<0.0001) than 
T3.  Female breast fillet yields were highest of T7 and different (P<0.0001) than T5, with T6 
being intermediate.  However, male breast fillet yields were highest of T6 and different 
(P<0.0001) than T4, with T5 being intermediate.  The female tender yields were highest of T5 
and different (P<0.0001) than T3, with T4 being intermediate.  Male tender yields were highest 
of T7 and different (P<0.0001) than T4, with T5 and T6 being intermediate.  Female thigh yields 
were highest for T1 and different (P<0.0001) than T5, with T2, T3 and T4 being intermediate.  
There was no effect of male thigh yield or either sex of wing or drum yields.  Female abdominal 
fat yield was highest for T1 and different (P<0.0001) than T4, with T2 and T3 being 




than T7, with T3, T4, T5 and T6 being intermediate.  As previously reported by Leclercq (1998) 
the need of digestible Lys is lowest for abdominal fat as was also shown in this study.    
Breast fillet myopathy scores are presented as percentage of fillets within categories (see 
Materials and Methods, Table 6).  Female breast fillet white striping scores of 0.5 was highest 
for T1 and T3, and they were different (P=0.0336) than T8, with all other treatments being 
intermediate.  Female breast fillet white striping scores of 1.0 were highest for T8 and different 
(P=0.0149) than T3, with T2, T4, T5, T6 and T7 being intermediate.  There was no effect on 
female breast fillet white striping scores of 0.0, 2.0 or 3.0.  Male breast fillet white striping 
scores of 0.0 was highest for T1 and different (P<0.0001) than T3, with T2 being intermediate.  
Male breast fillet white striping scores of 0.5 were highest (P=0.0261) for T4, and were different 
than T5, with T1, T2, T3, T6, T7 and T8 being intermediate.  The male breast fillet white striping 
scores of 1.0 were highest for T5 (P=0.0002), and different than T1, T2 and T4, with T3, T6, T7 
and T8 being intermediate.  There was no treatment effect on male breast fillet white striping for 
scores 2.0 or 3.0.  Female breast fillet wooden breast scores of 0.0 were highest at T1 and 
different (P=0.0007) than T7, with T2, T3, T4, T5 and T6 being intermediate.  Female breast 
fillet wooden breast scores of 3.0 were highest at T7 (P=0.0049) and different than T1, T2, T3 
and T5, with T4, T6 and T8 being intermediate.  There was no treatment effect on female breast 
fillet wooden breast scores of 0.5, 1.0, 1.5 and 2.0.  Male breast fillet wooden breast scores of 0.0 
were highest at T1 (P=0.0004) and different than T4, T5, T6 and T8, with T2, T3, and T7 being 
intermediate.  Male breast fillet wooden breast scores of 3.0 were highest at T6, T7 and T8 
(P=0.0002) and different than T1, T2, T3 and T4, with T5 being intermediate.  There was no 






The needs of the Cobb MV x Cobb 700 broiler of digestible Lys are different than those 
previously stated in the recommendations of the NRC and the Cobb 700 broiler nutrition guide 
(NRC, 1994; Cobb-Vantress, Inc. 2008).  The digestible Lys need of the Cobb MV x Cobb 700 
female and male broiler for BW gain from 0 to 14d was estimated to be 1.30 and 1.26%, 
respectively; and the need of digestible Lys for FCR from 0 to 14d of age was estimated to be 
1.30 and 1.31%; respectively.  More research will need to be performed to determine their 
dietary needs by growth phase for optimal response of valuable live production characteristics, 
processing yields and meat quality.   It would be of interest to understand the partitioning of 
crude protein and different amino acids as this work indicates that levels of excess may not be 
retained by the animal. 
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Table 1:  Experimentation diet compositions1 by treatment2 (T) with increasing digestible lysine 
fed to Cobb MV x Cobb 700 broilers 0 to 14 d, 14 to 28 d, 28 to 41 d, and 41 to 53 d of age 




 T1 T2 T3 T43 T54 T6 T7 T8 
         
0 to 14d         
Digestible Lys, % 0.90 0.98 1.06 1.14 1.22 1.30 1.38 1.46 
Corn 73.91 70.07 66.23 62.39 58.55 54.26 50.59 46.31 
Soybean meal, 48% 21.52 24.67 27.82 30.97 34.11 37.65 40.67 44.20 
Dicalcium phosphate 1.90 1.87 1.85 1.83 1.81 1.79 1.77 1.74 
Limestone 1.00 0.98 0.96 0.94 0.92 0.90 0.88 0.86 
Poultry fat 0.52 1.20 1.88 2.56 3.24 4.00 4.65 5.40 
Salt 0.37 0.37 0.38 0.38 0.38 0.38 0.39 0.39 
Sodium bicarbonate 0.16 0.16 0.15 0.15 0.14 0.14 0.14 0.13 
L-Lysine, 78.8% 0.18 0.18 0.18 0.19 0.19 0.19 0.18 0.18 
DL-Methionine 0.16 0.19 0.23 0.27 0.31 0.34 0.38 0.41 
L-Threonine 0.07 0.08 0.09 0.11 0.12 0.13 0.14 0.15 
Selenium premix 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
         
14 to 28d         
Digestible Lys, % 0.76 0.84 0.92 1.00 1.08 1.16 1.24 1.32 
Corn 76.15 73.01 69.88 66.75 63.62 59.29 55.59 51.27 
Soybean meal, 48% 18.76 21.27 23.78 26.29 28.80 32.37 35.42 38.98 
Dicalcium phosphate 1.92 1.90 1.88 1.87 1.85 1.83 1.81 1.78 
Limestone 1.03 1.02 1.00 0.98 0.97 0.95 0.93 0.91 
Poultry fat 1.22 1.79 2.36 2.93 3.49 4.26 4.91 5.67 
Salt 0.37 0.37 0.37 0.38 0.38 0.38 0.38 0.39 
Sodium bicarbonate 0.16 0.16 0.16 0.15 0.15 0.15 0.14 0.14 
L-Lysine, 78.8% 0.09 0.11 0.14 0.16 0.18 0.18 0.17 0.17 
DL-Methionine 0.08 0.13 0.17 0.21 0.26 0.29 0.33 0.36 






Table 1:  Experimentation diet compositions1 by treatment2 (T) with increasing digestible lysine 
fed to Cobb MV x Cobb 700 broilers 0 to 14 d, 14 to 28 d, 28 to 41 d, and 41 to 53 d of age 




 T1 T2 T3 T43 T54 T6 T7 T8 
         
0 to 14d         
Digestible Lys, % 0.90 0.98 1.06 1.14 1.22 1.30 1.38 1.46 
Corn 73.91 70.07 66.23 62.39 58.55 54.26 50.59 46.31 
Soybean meal, 48% 21.52 24.67 27.82 30.97 34.11 37.65 40.67 44.20 
Dicalcium phosphate 1.90 1.87 1.85 1.83 1.81 1.79 1.77 1.74 
Limestone 1.00 0.98 0.96 0.94 0.92 0.90 0.88 0.86 
Poultry fat 0.52 1.20 1.88 2.56 3.24 4.00 4.65 5.40 
Salt 0.37 0.37 0.38 0.38 0.38 0.38 0.39 0.39 
Sodium bicarbonate 0.16 0.16 0.15 0.15 0.14 0.14 0.14 0.13 
L-Lysine, 78.8% 0.18 0.18 0.18 0.19 0.19 0.19 0.18 0.18 
DL-Methionine 0.16 0.19 0.23 0.27 0.31 0.34 0.38 0.41 
L-Threonine 0.07 0.08 0.09 0.11 0.12 0.13 0.14 0.15 
Selenium premix 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
         
14 to 28d         
Digestible Lys, % 0.76 0.84 0.92 1.00 1.08 1.16 1.24 1.32 
Corn 76.15 73.01 69.88 66.75 63.62 59.29 55.59 51.27 
Soybean meal, 48% 18.76 21.27 23.78 26.29 28.80 32.37 35.42 38.98 
Dicalcium phosphate 1.92 1.90 1.88 1.87 1.85 1.83 1.81 1.78 
Limestone 1.03 1.02 1.00 0.98 0.97 0.95 0.93 0.91 
Poultry fat 1.22 1.79 2.36 2.93 3.49 4.26 4.91 5.67 
Salt 0.37 0.37 0.37 0.38 0.38 0.38 0.38 0.39 
Sodium bicarbonate 0.16 0.16 0.16 0.15 0.15 0.15 0.14 0.14 
L-Lysine, 78.8% 0.09 0.11 0.14 0.16 0.18 0.18 0.17 0.17 
DL-Methionine 0.08 0.13 0.17 0.21 0.26 0.29 0.33 0.36 
L-Threonine 0.01 0.03 0.06 0.08 0.10 0.11 0.12 0.13 
1All diets contained choline = 0.05%, vitamin premix@ = 0.05% and mineral premix^ = 0.10% 
2Diets for T1, T5 and T8 were mixed accordingly.  T2 diets were a blend of 75% of T1 diets and 
25% of T5 diets.  T3 diets were a blend of 50% of T1 diets and 50% of T5 diet.  T4 diets were a 
blend of 25% of T1 diets and 75% of T5 diets.  T6 diets were a blend of 66.7% of T5 diets and 
33.3% of T8 diets.  T7 diets were a blend of 66.7% of T5 and 33.3% of T8 diets. 
3Treatment 4 diets are similar to NRC recommendations for digestible lysine as a percentage of 
diet by age. 
4Treatment 5 diets are equivalent to Cobb-Vantress, Inc. recommendations for the Cobb MVM x 
Cobb 700 broiler. 
5Mineral premix contained per kilogram of all diets (minimum):  Ca, 48.8 mg; Mn, 80 mg; Mg, 
21.6 mg; Zn, 80 mg; Fe, 40 mg; Cu, 8 mg; I, 0.8 mg. 
6Vitamin premix contained per kilogram of all diets (minimum):  vitamin A, 3,083,700 IU; 
vitamin D3, 22,026,432 ICU; vitamin E, 22,026 IU; vitamin B12, 53 mg; menadione, 6,000 mg; 
riboflavin, 26,432 mg; d-pantothenic acid, 39,648 mg; thiamine, 6,167 mg; niacin, 154,185 mg; 






Table 2:  Nutrients of isocaloric diets1 with increasing % digestible lysine by treatment2 (T) fed 
from 0 to 14 d, 14 to 28 d, 28 to 41 d and 41 to 53 d to Cobb MV x Cobb 700 female 




 T1 T2 T3 T4
3 T54 T6 T7 T8 
 
0 to 14d (ME = 3,040 kcal/kg) 
CP, % 16.6 17.8 19.0 20.2 21.4 22.8 23.9 25.3 
Choline (mg/kg) 1,741 1,787 1,833 1,879 1,925 1,977 2,022 2,073 
Potassium, % 0.65 0.70 0.75 0.80 0.85 0.91 0.96 1.01 
Linoleic acid, % 1.60 1.69 1.78 1.87 1.96 2.06 2.14 2.24 
Digestible TSAA, % 0.67 0.73 0.78 0.84 0.90 0.96 1.02 1.08 
Digestible Met, % 0.41 0.46 0.51 0.56 0.61 0.66 0.70 0.75 
Digestible Lys, % 0.90 0.98 1.06 1.14 1.22 1.30 1.38 1.46 
Digestible Trp, % 0.18 0.19 0.21 0.23 0.24 0.26 0.28 0.30 
Digestible Thr, % 0.59 0.64 0.69 0.74 0.79 0.85 0.89 0.95 
Digestible Ile, % 0.64 0.69 0.75 0.80 0.86 0.92 0.97 1.03 
Digestible Val, % 0.72 0.77 0.82 0.87 0.93 0.99 1.04 1.10 
Digestible Arg, % 0.95 1.03 1.11 1.20 1.28 1.38 1.46 1.55 
 
14 to 28d (ME = 3,108 kcal/kg)4 
CP, % 15.3 16.3 17.3 18.3 19.3 20.6 21.8 23.1 
Choline (mg/kg) 1,689 1,725 1,761 1,796 1,832 1,885 1,930 1,982 
Potassium, % 0.60 0.64 0.68 0.72 0.76 0.82 0.86 0.92 
Linoleic acid, % 1.79 1.87 1.94 2.02 2.09 2.19 2.28 2.38 
Digestible TSAA, % 0.57 0.63 0.69 0.75 0.81 0.87 0.93 0.99 
Digestible Met, % 0.32 0.37 0.43 0.48 0.53 0.58 0.63 0.68 
Digestible Lys, % 0.76 0.84 0.92 1.00 1.08 1.16 1.24 1.32 
Digestible Trp, % 0.16 0.17 0.19 0.20 0.21 0.23 0.25 0.27 
Digestible Thr, % 0.49 0.54 0.60 0.65 0.70 0.76 0.80 0.86 
Digestible Ile, % 0.58 0.63 0.67 0.72 0.76 0.82 0.88 0.94 
Digestible Val, % 0.67 0.71 0.75 0.79 0.83 0.89 0.94 1.00 







Table 2:  Nutrients of isocaloric diets1 with increasing % digestible lysine by treatment2 (T) fed 
from 0 to 14 d, 14 to 28 d, 28 to 41 d and 41 to 53 d to Cobb MV x Cobb 700 female 




 T1 T2 T3 T4
3 T54 T6 T7 T8 
 
0 to 14d (ME = 3,040 kcal/kg) 
CP, % 16.6 17.8 19.0 20.2 21.4 22.8 23.9 25.3 
Choline (mg/kg) 1,741 1,787 1,833 1,879 1,925 1,977 2,022 2,073 
Potassium, % 0.65 0.70 0.75 0.80 0.85 0.91 0.96 1.01 
Linoleic acid, % 1.60 1.69 1.78 1.87 1.96 2.06 2.14 2.24 
Digestible TSAA, % 0.67 0.73 0.78 0.84 0.90 0.96 1.02 1.08 
Digestible Met, % 0.41 0.46 0.51 0.56 0.61 0.66 0.70 0.75 
Digestible Lys, % 0.90 0.98 1.06 1.14 1.22 1.30 1.38 1.46 
Digestible Trp, % 0.18 0.19 0.21 0.23 0.24 0.26 0.28 0.30 
Digestible Thr, % 0.59 0.64 0.69 0.74 0.79 0.85 0.89 0.95 
Digestible Ile, % 0.64 0.69 0.75 0.80 0.86 0.92 0.97 1.03 
Digestible Val, % 0.72 0.77 0.82 0.87 0.93 0.99 1.04 1.10 
Digestible Arg, % 0.95 1.03 1.11 1.20 1.28 1.38 1.46 1.55 
 
42 to 53d (ME = 3,203 kcal/kg)# 
CP, % 14.1 14.9 15.7 16.5 17.3 18.6 19.8 21.1 
Choline (mg/kg) 1,447 1,521 1,596 1,670 1,744 1,794 1,836 1,886 
Potassium, % 0.60 0.62 0.64 0.66 0.68 0.74 0.78 0.84 
Linoleic acid, % 2.33 2.34 2.34 2.35 2.35 2.44 2.53 2.62 
Digestible TSAA, % 0.48 0.54 0.61 0.67 0.73 0.79 0.85 0.91 
Digestible Met, % 0.26 0.31 0.37 0.42 0.47 0.52 0.57 0.62 
Digestible Lys, % 0.61 0.69 0.77 0.85 0.93 1.01 1.09 1.17 
Digestible Trp, % 0.15 0.16 0.17 0.18 0.19 0.21 0.22 0.24 
Digestible Thr, % 0.42 0.47 0.53 0.58 0.63 0.69 0.74 0.80 
Digestible Ile, % 0.52 0.56 0.60 0.63 0.67 0.73 0.78 0.84 
Digestible Val, % 0.60 0.64 0.68 0.71 0.75 0.81 0.85 0.91 
Digestible Arg, % 0.76 0.82 0.88 0.94 1.00 1.09 1.17 1.26 
1All diets contained – calcium 0.90%, available phosphorus 0.45%, sodium 0.21%, chloride 
0.28% 
2Diets for T1, T5 and T8 were mixed accordingly.  T2 diets were a blend of 75% of T1 diets and 
25% of T5 diets.  T3 diets were a blend of 50% of T1 diets and 50% of T5 diet.  T4 diets were a 
blend of 25% of T1 diets and 75% of T5 diets.  T6 diets were a blend of 66.7% of T5 diets and 
33.3% of T8 diets.  T7 diets were a blend of 66.7% of T5 and 33.3% of T8 diets. 
3Treatment 4 diets are similar to NRC recommendations for digestible lysine as a percentage of 
diet by age. 
4Treatment 5 diets are equivalent to Cobb-Vantress, Inc. recommendations for the Cobb MVM x 





Table 3:  Cobb MV x Cobb 700 male and female broilers estimated need of digestible lysine as a 
percentage of diet fed 0 to 14 d for body weight gain and adjusted feed conversion for mortality 
(FCR) when fed eight separate diets of equal distant increasing digestible lysine diets using 
linear broken-line regression estimation1 

























Female          
0 to 14d BW 






38 1.30 333.50 292.98 357.89 





3 1.30 1.1269 0.9736 1.2801 
         
Male         










13 1.26 343.88 314.07 373.69 




47 1.31 1.1264 1.005 1.2478 
1Linear broken-line polynomial formula = IF (intercept1 - intercept2) / (slope2 - slope1) > 
digestible lysine, %, then (intercept1 + slope1) x digestible lysine %; OR, intercept2 + slope2 x 
digestible lysine % 
2JMP nonlinear curve with the linear broken-line model estimation curve profiling tool was used 
to determine the optimal level of digestible lysine for the response.  The profiling tool optimal 
levels was set for maximum desirability to digestible lysine for BW gain and minimum 





Table 4:  Cobb MV x Cobb 700 quadratic polynomial1 estimation curves and estimated need of 
digestible lysine intake2 for body weight gain, adjusted feed conversion ratio for mortality (FCR) 
and white breast meat, responses to total digestible lysine intake for ages 0 to 14 d, 0 to 41 d and 
0 to 53 d 





























            
Female             
            
BW gain            
0 to 14 d 38.27 72.09 -3.56 5.60 331 332 338 
0.771
1 0.5968 0.0196 0.2643 






















FCR            








1 0.9732 0.6643 
0 to 41 d 2.597 
-











0 to 53 d 2.743 
-








1 0.0077 0.2460 
White 
meat            
54 d -115.4 
22.44





            
Male            
            
BW gain            
0 to 14 d -59.44 
118.6


















0 to 53 d 
-









FCR            
0 to 14 d 1.895 
-








1 0.0026 0.0106 
0 to 41 d 2.738 
-











0 to 53 d 2.952 
-












meat            







1Quadratic polynomial estimation curve = intercept ± slope x digestible lysine intake ± quadratic 
x digestible lysine intake2 
2JMP fit curve, quadratic response curve profiler desirability set at a level of 2 (higher order) for 
the live production response of interest 





Table 5:  Cobb MV x Cobb 700 female and male broilers BW gain, adjusted feed conversion 
ratio for mortality (FCR) and digestible lysine intake by treatments1 (T) with different levels of 
dietary digestible lysine (% of diet) by ages 0 to 14 d, 0 to 41 d, 0 to 53 d of age 
 Treatments with increasing digestible lysine 
  
   
 T1 T2 T3 T4 T5 T6 T7 T8 SEM P-value 
           
Female performance           
BW gain, g           
0 to 14d 247d 249d 268cd 295bc 317ab 349a 329a 349a 9.2 <0.0001 
0 to 41d 1,412d 1,666c 1,884bc 2,084ab 2,179a 2,158a 2,196a 2,277a 53.6 <0.0001 
0 to 53d 2,041d 2,376cd 2,688bc 2,887ab 2,955ab 2,956ab 3,022ab 3,043a 73.9 <0.0001 
FCR           
0 to 14d 1.285a 1.285a 1.218ab 1.226ab 1.176ab 1.087b 1.121b 1.106b 0.0345 0.0005 
0 to 41d 1.982a 1.843b 1.766bc 1.696cd 1.615e 1.623cd 1.563ef 1.531f 0.0159 <0.0001 
0 to 53d 2.203a 2.068b 1.982bc 1.894cd 1.825de 1.807de 1.765e 1.748e 0.0221 <0.0001 
Digestible Lys intake, g           
0 to 14d 3.4f 3.7ef 4.0e 4.7d 5.2cd 5.6bc 5.8b 6.4a 0.12 <0.0001 
0 to 41d 20.9g 25.3f 30.0e 34.7d 37.4cd 40.2bc 42.1b 45.6a 0.73 <0.0001 
0 to 53d  31.3g 38.1f 45.5e 51.2d 54.9cd 58.8bc 62.9ab 67.1a 1.23 <0.0001 
           
Male performance           
BW gain, g           
0 to 14d 244b 292ab 298ab 318a 328a 343a 338a 339a 12.0 <0.0001 
0 to 41d 1,304d 1,765c 2,102b 2,378ab 2,527a 2,514a 2,610a 2,639a 67.8 <0.0001 
0 to 53d 2,091c 2,551c 3,063b 3,352ab 3,455ab 3,598a 3,481ab 3,681a 93.7 <0.0001 
FCR           
0 to 14d 1.312a 1.208ab 1.240ab 1.189ab 1.166b 1.127b 1.151b 1.177b 0.0266 0.0012 
0 to 41d 2.036a 1.876b 1.750c 1.661d 1.602de 1.628d 1.519ef 1.493f 0.0164 <0.0001 
0 to 53d 2.226a 2.136a 1.909b 1.877b 1.803bc 1.760cd 1.711cd 1.690d 0.0225 <0.0001 
Digestible Lys intake, g           
0 to 14d 3.4g 4.0fg 4.6ef 4.9de 5.4cd 5.7bc 6.1ab 6.7a 0.14 <0.0001 
0 to 41d 22.1g 27.3f 33.1e 38.6d 42.8cd 46.5bc 47.2ab 51.3a 0.92 <0.0001 
0 to 53d 33.6f 42.1e 49.8d 58.6c 63.1bc 69.3b 69.9b 78.2a 1.48 <0.0001 
a-gMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Treatment percent digestible lysine in diets by age (0d to 14d, 14d to 28d, 28d to 41d and 41d to 
53d) respectively; T1=0.90, 0.76, 0.66, 0.61; T2=0.98, 0.84, 0.74, 0.69; T3=1.06, 0.94, 0.82, 
0.76; T4=1.14, 1.02, 0.90, 0.84; T5=1.22, 1.10, 0.98, 0.92; T6=1.30, 1.10, 0.98, 0.92; T7=1.38, 
1.18, 1.06, 1.00; T8=1.46, 1.26, 1.14, 1.08 
-One male pen in T1 was determined to be an extreme outlier for body weight gain 0d to 41d and 





Table 6:  Cobb MV x Cobb 700 female and male 54d broiler live BW and mean processing yields as percentages of live BW when fed 
diet treatments1 (T) with different percentage levels of dietary digestible lysine 




T1 T2 T3 T4 T5 T6 T7 T8 SEM P-value 
           
Females            
Live BW, g 2,484c 2,739bc 3,041ab 3,047ab 3,106a 3,175a 3,247a 3,260a 78.7 <0.0001 
Carcass, % 73.5e 74.8de 75.6cd 77.0bc 77.8ab 78.5a 78.8a 78.9a 0.31 <0.0001 
Fillet, % 16.4f 18.1e 19.9d 21.7c 22.7bc 23.4ab 24.8a 25.0a 0.33 <0.0001 
Tender, % 3.7c 3.9c 4.4b 4.7ab 4.8a 4.9a 4.9a 5.0a 0.09 <0.0001 
Wings, % 7.5 7.3 7.2 7.2 7.3 7.4 7.2 7.2 0.08 0.3062 
Thighs, % 14.6a 14.4ab 14.2abc 14.1abcd 13.9bcd 13.9bcd 13.7cd 13.5d 0.13 <0.0001 
Drums, % 9.3 9.3 9.1 9.0 9.1 9.0 9.0 8.8 0.11 0.1102 
Abdominal fat, % 2.2a 1.9ab 1.7abc 1.5bcd 1.4bcd 1.3cd 1.2cd 1.2d 0.11 <0.0001 
           
Males           
Live BW, g 2,469d 2,971c 3,350bc 3,570ab 3,688ab 3,767ab 3,697ab 3,853a 101.7 <0.0001 
Carcass, % 71.2d 73.4c 75.1b 76.9a 77.7a 77.7a 78.1a 78.3a 0.33 <0.0001 
Fillet, % 14.5e 16.9d 18.9c 21.1b 22.7ab 23.3a 23.8a 24.1a 0.40 <0.0001 
Tender, % 3.2d 3.6c 3.8c 4.2b 4.4ab 4.4ab 4.6a 4.5a 0.07 <0.0001 
Wings, % 7.5 7.5 7.3 7.4 7.4 7.4 7.5 7.4 0.09 0.7487 
Thighs, % 14.5 14.8 14.8 14.6 14.3 14.4 14.4 14.3 0.16 0.2097 
Drums, % 10.1 9.8 10.2 9.9 9.7 9.5 9.7 9.7 0.14 0.0654 
Abdominal fat, % 1.7a 1.8a 1.5ab 1.5ab 1.3abc 1.1ab 1.0bc 0.8c 0.11 <0.0001 
a-fMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Treatment percent of digestible lysine in diets by ages fed respectively; T1=0.90, 0.76, 0.66, 0.61; T2=0.98, 0.84, 0.74, 0.69; 
T3=1.06, 0.94, 0.82, 0.76; T4=1.14, 1.02, 0.90, 0.84; T5=1.22, 1.10, 0.98, 0.92; T6=1.30, 1.10, 0.98, 0.92; T7=1.38, 1.18, 1.06, 1.00; 






Table 7:  Cobb MV x Cobb 700 broilers fed different percent digestible lysine of the diet by treatment (T), mean percent1 wooden 
breast and white striping by myopathy scores2. 
 Treatments3 with increasing percent digestible lysine 
  
   
 T1 T2 T3 T4 T5 T6 T7 T8 SEM P-Value 
           
Females           
White striping, %           
Score 0.0 40.0 43.3 13.3 30.0 23.3 33.3 10.0 10.0 0.09 0.0629 
Score 0.5 56.7a 36.7ab 75.0a 41.7ab 46.7ab 36.7ab 43.3ab 29.2b 0.08 0.0336 
Score 1.0 3.3b 20.0ab 7.5b 24.2ab 30.0ab 20.0ab 30.0ab 46.7a 0.08 0.0149 
Score 2.0 0.0 0.0 4.2 4.2 0.0 6.7 13.3 10.0 0.03 0.1751 
Score 3.0 0.0 0.0 0.0 0.0 0.0 3.3 3.3 4.17  0.01 0.6869 
Wooden breast, %           
Score 0.0 63.33a 50.00ab 39.17abc 24.17abc 26.67abc 40.00abc 13.33bc 3.33c 0.08 0.0007 
Score 0.5 33.33 33.33 50.00 61.67 53.33 53.33 50.00 49.17 0.10 0.2625 
Score 1.0 3.33 16.67 6.67 10.00 20.00 13.33 10.00 13.33 0.06 0.4366 
Score 1.5 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.4478 
Score 2.0 0.00 0.00 4.17 0.00 0.00 10.0 6.67 20.00 0.03 0.0818 







Table 7:  Cobb MV x Cobb 700 broilers fed different percent digestible lysine of the diet by treatment (T), mean percent1 wooden 
breast and white striping by myopathy scores2.  (continued) 
 Treatments3 with increasing percent digestible lysine 
  
   
 T1 T2 T3 T4 T5 T6 T7 T8 SEM P-Value 
Males           
White striping, %           
Score 0.0 63.3a 36.7ab 20.0bc 10.8bc 13.3bc 3.3c 6.7bc 6.7bc 0.06 <0.0001 
Score 0.5 33.3ab 43.3ab 47.8ab 58.3a 16.7b 38.3ab 33.3ab 27.5ab 0.08 0.0261 
Score 1.0 3.3d 16.7cd 28.9abcd 20.8bcd 60.0a 34.2abcd 40.0abc 54.2ab 0.08 0.0002 
Score 2.0 0.0 3.3 3.3 10.0 6.7 20.8 16.7 11.7 0.05 0.1140 
Score 3.0 0.0 0.0 0.0 0.0 3.3 3.3 3.3 0.0 0.01 0.6912 
Wooden breast, %           
Score 0.0 50.0a 33.3ab 25.6ab 10.0b 10.0b 15.0b 20.0ab 3.3b 0.07 0.0004 
Score 0.5 23.3 36.7 26.7 50.8 30.0 17.5 26.7 16.7 0.08 0.0943 
Score 1.0 23.2 23.2 31.1 17.5 26.7 20.0 20.0 20.0 0.08 0.9621 
Score 1.5 0.0 0.0 0.0 0.0 3.3 6.7 0.0 0.0 0.01 0.1590 
Score 2.0 3.3 6.7 16.7 21.7 16.7 16.7 10.0 35.0 0.07 0.1317 
Score 3.0 0.0b 0.0b 0.0b 0.0b 13.3ab 24.2a 23.3a 25.0a 0.03 0.0002 
a-dMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Myopathy percentages were figured as: counts by score/total fillets counted by pen 
2Myopathy scores were assigned to the breast fillets as:  0 = no incidence, 0.5 = slight incidence, 1.0 = low incidence, 1.5 = mild 
incidence, 2.0 = moderate incidence, 3.0 = severe incidence 
3Treatment percent digestible lysine in diets by ages fed respectively; T1=0.90, 0.76, 0.66, 0.61; T2=0.98, 0.84, 0.74, 0.69; T3=1.06, 
0.94, 0.82, 0.76; T4=1.14, 1.02, 0.90, 0.84; T5=1.22, 1.10, 0.98, 0.92; T6=1.30, 1.10, 0.98, 0.92; T7=1.38, 1.18, 1.06, 1.00; T8=1.46, 
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ABSTRACT 
Three experiments were conducted to estimate the digestible lysine (Lys) needs for BW gain, 
feed conversion and total white meat yield in the Cobb MV x Cobb 700 male broiler during the 
grower phase (12 to 28 d), finisher phase (28 to 42 d) and withdraw phase (42 to 54 d).  The need 
for digestible Lys from 12 to 28 d using a linear broken-line model was 1.21% for BW gain 
(R2=88.6%).  However, the optimal level of digestible Lys % fed from 12 to 28 d of age was 
estimated to be 1.24% for both 12 to 28 d mortality adjusted feed conversion (R2=94.9%) and 
total white meat yield (R2=92.9%); suggesting that the optimal levels of digestible Lys % from 
12 to 28 d is at or higher than the highest level of 1.24%.  During the 28 to 42 d grower phase, R2 
values were low for estimation curves, where the best fit curve for BW gain from 28 to 42 d was 
found to be the quadratic polynomial with the estimated need of digestible Lys % being 1.00% 
(R2=34.3%).  The 28 to 42 d feed conversion ratio response curve was best fit to a cubic 
polynomial which estimated the need to be 1.32% digestible lysine (R2=20.0%), which was the 
highest level tested.  Total white meat yield response curve for digestible Lys % was found to be 





(R2=12.5%).  The withdraw phase from 42 to 54 d response curves also had low R2 values.  The 
estimated need of digestible Lys from 42 to 54 d for BW gain were 1.01% (R2=18.3), 0.91% 
(R2=49.0%) for 42 to 54 d mortality adjusted feed conversion and 1.09% for total white meat 
yield as a percent of 55 d live BW (R2=8.7%).  Low prediction estimations for the variation in 
the finisher and withdraw phases may suggest that early digestible Lys deficiencies fed in the 
starter phase and/or grower phase may result in the bird’s inability to respond to digestible Lys.  
Further evaluation of amino acid needs during the grower, finisher and withdraw phases should 
be examined in high-yielding broilers. 
INTRODUCTION 
In the last 20 years, high-yielding broilers e.g. Cobb 700 and the Ross 708 have been 
commercially available. However, they are progressively changing due to genetic selection.  
These breeds were developed in response to growing demand of poultry consumption worldwide 
(USDA, 2019) and white meat, especially in the United States of America (NCC, 2019).  
Nutritional needs, including for digestible lysine (Lys) differs depending upon phenotype, 
genotype, sex, age of the broilers and the specific response variable (Leclercq, 1998; Gous, 1998; 
Garcia and Batal, 2005; Sterling et al., 2006; Dozier et al., 2008, Dozier et al., 2009, Dozier et 
al., 2010; Dozier and Payne, 2012; Cemin et al., 2017).  Also, the statistical method used to 
determine the need can influence the conclusions made when determining a broilers need of 
different nutrients (Gous 1998; Franco et al., 2017).   
Dozier and colleagues (2008; 2009; 2010; 2012) reported on the digestible Lys needs of high-
yielding broilers.  In the starter phase (1 to 14 d), the need of the Ross x Ross 708 female broiler 
was 1.27% for BW gain and the need for feed conversion from 1 to 7 d of age was 1.38% 





TP16 male broilers need of digestible Lys was between 1.07 to 1.09% for BW gain and 1.10 to 
1.15% for feed conversion (Dozier et al., 2009).  The need for Ross x Ross TP16 female broilers 
for digestible Lys from 14 to 28 d was estimated to be 0.98% for BW gain and between 1.03 and 
0.99% for feed conversion (Dozier et al., 2009).  During the finisher phase (28 to 42 d of age) the 
Ross x Ross TP16 male broilers had an estimated need for digestible Lys of 0.99% for BW gain, 
1.05% for feed conversion, 0.94% for carcass weight, and 0.96% for total breast meat weight 
(Dozier et al., 2010).  It was estimated that the need of digestible Lys for Cobb x Cobb 700 male 
broiler from 28 to 42 d of age was 0.97% for BW gain, 1.01% for feed conversion, 1.03% for 
carcass weight, 0.99% for total breast meat weight and 0.98% for total breast meat yield (Dozier 
et al., 2010).  For the withdraw growing phase (49 to 63 d of age) Ross x Ross 708 male and 
female broilers had estimated needs of digestible Lys of 0.86 and 0.79% for BW gain, and 0.90 
and 0.83% for feed conversion, respectively.   
In contrast, the digestible Lys needs of the Cobb MV x Cobb 700 have not been evaluated.  The 
previously mentioned Cobb x Cobb 700 male broiler (Dozier et al., 2010) is a male breed cross 
that is not commercially available.  The Cobb MV x Cobb 700 broiler cross was established in 
the United States market in 2015 (Cobb 2019).  The purpose of the present studies was to 
evaluate the Cobb MV x Cobb 700 male broiler needs for digestible Lys. 
MATERIALS AND METHODS 
Three consecutive experiments were conducted at the Cobb-Vantress, Inc. Sweetwater Broiler 
Research Farm (Rose, Oklahoma).  Each experiment was conducted in the same facility and 
experimental conditions as discussed below except for diets fed to the experiments and 
experimental feed phase to determine broiler responses to digestible Lys, %.  For all experiments 





Experiment 1:  Grower Phase (12 to 28 d of Age) 
This was designed to represent the grower phase of the commercial broiler industry of 12 to 28 d 
of age.  There was a common basal diet fed to the males from 0d to 12 d of age (Table 1).  From 
12 to 28 d of age the birds were fed 6 different levels of digestible Lys, %, where T1 = 0.84, T2 
= 0.92, T3 = 1.00, T4 = 1.08, T5 = 1.16 and T6 = 1.24%.  After the grower phase the birds were 
placed on a common basal diet from 28 to 42 d and then another common basal diet from 42 to 
55 d (Table 1).   
Experiment 2:  Finisher Phase (28 to 42 d of Age) 
This represented the finisher phase of the commercial broiler industry of 28 to 42 d of age.  
There was a common basal diet fed to the males from 0d to 14 d of age, and another common 
basal diet from 14 d to 28 d (Table 2).  The experimental finisher phase of the experiment was 28 
to 42 d where the birds were placed on 6 different levels of digestible Lys, %, where T1 = 0.92, 
T2 = 1.00, T3 = 1.08, T4 = 1.16, T5 = 1.24 and T6 = 1.32%.  After the finisher phase the birds 
were placed on a common basal diet from 42 to 55 d.   
Experiment 3:  Withdraw Phase (42 to 54 d of Age) 
This was designed to represent the withdraw phase of the commercial broiler industry of 42 to 54 
d of age.  Common basal diets were fed to the males from 0d to 14 d, 14 d to 28 d and 28 to 42 d 
of age (Table 3).  The experimental withdraw phase of the experiment was 42 to 54 d where the 
birds were placed on 6 different levels of digestible Lys, %, where T1 = 0.77, T2 = 0.85, T3 = 






Bird Housing and Management 
At day of age 3,600 Cobb MV x Cobb 700 male broilers were randomly placed into 48 floor 
pens.  The pen dimensions were 2.44 meters x 3.05 meters, allowing 0.1 square meter per bird of 
floor space.  Pens contained 2-C2M Chore-Time hanging feeders (CTB, Inc., Milford, Indiana) 
giving the equivalent of 37.5 birds per hanging feeder.  During the brooding phase an additional 
2 supplemental feeder lids were utilized (one per 37.5 birds).  Ziggity water lines (Ziggity 
Systems, Inc., Middlebury, Indiana) were used with 12 nipples per pen resulting in 6.25 birds per 
water nipple.  During the brooding phase one supplemental Biddy drinkers (Big Dutchman, 
Vechta-Calveslage, Germany) were utilized per pen.  Pine wood shavings were used for bedding 
material at a depth of no less than 10 cm.  Chicks were given 24 hours of continuous light during 
day 1-3.  At day 4, daily light hours were reduced to 20L:4D and at day 7, the photoperiod was 
reduced to 18L:6D for the remainder of the 8-weeks of the studies.  Light intensity was 65 lux 
for the duration of the trial. 
Data Collection and Calculations 
Mean chick weight was determined at day old.  Mortality was recorded by day.  Feed intake was 
recorded by pen.  At the beginning and end of each phase, the amount of treatment specific feed 
assigned to that pen was weighed.  Body weights were taken at the same time feed changes were 
made by feeding phase.  Feed conversion (FCR) for the pen was calculated for each phase as:  
FCR = feed intake for the pen by feeding phase/BW for the pen = FCR.  FCR was also 
calculated for the entire experiment period (0 to 55 d of age by pen).  At the end of the withdraw 
phase, a sample of 6 birds were tagged in each pen.  The sample from each pen was obtained by 
finding the treatment mean and tagging two birds between the mean and +1 standard deviation 





bird between +1 and +2 SD of the treatment mean, and one bird between -1 and -2 SD of the 
treatment mean.  The tag numbers corresponded to the pen and hence treatment.  At 56 d, the 
sample birds were processed for yield and meat quality measurements.  The following weights 
were recorded by bird tag number: live BW, carcass weight, breast fillet, total tender, total drum, 
total thigh, total wing, and abdominal fat.  Each part weight was calculated as a percent of live 
BW.  Breast fillets were scored for woody breast and white striping in 0.5 increments on a 0 to 3 
scale where 0 was no incidence, 1 mild incidence, 2 moderate incidence and 3 severe incidence.  
For evaluation purposes scores were grouped into categories of 0.0 = no incidence, 0.5 to 2.0 = 
moderate incidence, and 2.5 to 3.0 were severe incidence. 
Animal Wellbeing 
The birds were reared under industry normal conditions and all animal wellbeing standards were 
conducted according to the Cobb-Vantress, Inc. Animal Wellbeing Standards.  These standards 
meet or exceed recommendations of the Professional Animal Auditor Certification Organization 
(PAACO, Kearney, Missouri).  All employees at Cobb-Vantress, Inc. (Siloam Springs, 
Arkansas) that interact with animals are trained monthly, quarterly and yearly on the proper care 
and handling of the birds. 
Statistical Analysis 
The experimental design for all three experiments was randomized complete block designs with 
one factor of 6 dietary treatments.  There were 6 diet treatments fed to 8 replicate pens per 
treatment for a total of 48 pens arranged in 8 randomized blocks per experiment, where pen was 
the experimental unit. Wooden breast and white striping scores were converted to percentages of 





Kramer HSD was performed for BW, FCR, processing yields as percentage of live BW, WB 
score percentages and WS score percentages using JMP 14 software (SAS Institute, Inc.; 
Raleigh, North Carolina).  Blocking was considered a random effect and was not significant in 
any model for BW, FCR, processing yields or breast fillet score percentages.  JMP 14 nonlinear 
curve function with the broken-line model was used to determine broiler responses to digestible 
Lys, %.  The broken-line model for prediction of optimal level of digestible Lys % was:   
If (intercept 1 – intercept 2) ÷ (slope 1 – slope 2) > digestible Lys %  
then (intercept 1 + slope 1) x digestible Lys %  
else, (intercept 2 + slope 2) x digestible Lys, % 
The maximum response tool in JMP was used to determine where the break occurred.  In some 
incidences the break was not the optimal level.  In these incidences the break points are also 
included in the tables for discussion (Tables 7, 8 and 9). 
JMP 14 fit curve was used to determine the “best fit” regression curve for the optimal level of 
digestible Lys % for broiler responses (Tables 7, 8 and 9).  The curve that JMP 14 determined to 
be the best fit for each broiler response is compared to a linear broken-line model for discussion 
purposes.   
RESULTS  
Experiment 1:  Grower Phase (12 to 28 d of age) 
The effects of different levels of digestible Lys in feeds during the grower phase on production 
parameters are summarized in Table 4.  The BW gain from 12 to 28 d of age was highest 





(P<0.05) than 1.08% digestible Lys. However, this BW was not different (P>0.05) compared to 
the BW gain of birds fed 1.16% digestible Lys (Table 4).  The BW gain for birds fed 1.16% 
digestible Lys was similar (P>0.05) to the BW gain of birds fed 1.08% digestible Lys, however 
the BW gain for the birds fed 1.08% digestible Lys was lower (P<0.0001) than that of birds fed 
1.24% digestible Lys.  The BW gain for birds fed 1.00, 0.92 and 0.84% digestible Lys were 
sequentially lower (P<0.0001) from each other and lower than the levels above 1.00% digestible 
Lys.   
The linear broke-line response curve model estimated the optimal level of digestible Lys fed to 
Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 1.21% (R2=88.6%, P<0.0001) for BW 
gain (Table 7).  The quadratic polynomial response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 0.98% 
(R2=87.9%, P=0.0004) for BW gain. 
Body weights at 55 d were highest (P<0.05) for birds fed 1.00% digestible Lys (T3) during the 
grower phase, however T3 55 d BW did not differ (P>0.05) from those of T2, T4, T5 and T6 
(Table 4).  The T1 birds fed 0.84% digestible Lys from 12 to 28 d were lowest (P<0.05), but they 
were not different from those of T2, T4, T5 or T6. 
The 12 to 28 d FCR of birds fed 1.24% digestible Lys had the lowest (P<0.0001) FCR (Table 4).  
Birds fed 1.08 and 1.16% digestible Lys were not different (P>0.05) from each other with FCR 
of 1.29 ± 0.01 and 1.28 ± 0.01, respectively.  The birds fed diets with 0.92% digestible Lys had 
an FCR that was higher (P<0.0001) than that of digestible Lys level of 1.00%, and a lower 
(P<0.0001) FCR than that of digestible Lys level 0.84%.  The 1 d to 55 d FCR was not different 





The linear broke-line response curve model estimated the optimal level of digestible Lys fed to 
Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 1.24% (R2=92.7%, P<0.0001) for 
FCR, however the lines intersected at 0.92% digestible Lys (Table 7).  The exponential 2P 
response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 12 to 28 d to be 1.157% (R2=92.2%) for FCR. 
There were no effects (P>0.05) of increasing digestible Lys % from 12 to 28 d on 56 d live body 
weights, yields of carcass, tenders, thighs, wings, and abdominal fat in Cobb MV x Cobb 700 
male broiler chickens (Table 5).  However, the linear broke-line response curve model estimated 
the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to 
be 1.07% (R2=13.4%) for carcass as a % of live BW (Table 7).  The exponential 2P response 
curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers 
from 12 to 28 d to be 1.24% (R2=9.5%) for carcass as a % of live BW.  The linear broke-line 
response curve model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 
male broilers from 12 to 28 d to be 1.00% (R2=7.7%) for tenders, % of live BW.  The linear 
response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 12 to 28 d to be 1.24% (R2=1.7%) for tenders, % of live BW.  The linear broke-line 
response curve model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 
male broilers from 12 to 28 d to be 0.84% (R2=11.0%) for minimization of thighs, % of live BW, 
however the lines intersect at 0.89% digestible Lys.  The exponential 2P response curve 
estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 
to 28 d to be 1.02% (R2=10.3%) for minimization of thighs, % of live BW.  The linear broke-line 
response curve model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 





response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 12 to 28 d to be 0.872% (R2=9.0%) for wings, % of live BW. The linear broke-line 
response curve model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 
male broilers from 12 to 28 d to be 1.24% (R2=11.5%) for minimal abdominal fat, % of live BW, 
however the lines intersect at 1.08% digestible Lys.  The exponential 2P response curve 
estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 
to 28 d to be 1.06% (R2=10.08%) for minimal abdominal fat, % of live BW. 
The Cobb MV x Cobb 700 male broilers response to increasing levels of digestible Lys % for 
total white meat as a % of BW was highest (P<0.0001) for birds fed digestible Lys levels of 
1.00% and above (Table 5).  The birds that were fed digestible Lys % levels of 0.84 and 0.92% 
digestible Lys had the lowest (P<0.0001) total white meat yield as a % of BW however they 
were similar (P>0.05) to that of total white meat yield as a % of BW of birds fed 1.16% 
digestible Lys.  The linear broke-line response curve model estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 1.24% 
(R2=92.9%) for total white meat yield, % of live BW, but the lines intersected at 0.99% 
digestible Lys (Table 7).  The exponential 3P response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 1.00% 
(R2=35.8%) for total white meat as a % of live BW. 
Breast fillet yields as a % live of BW were also highest (P<0.0001) for birds fed digestible Lys 
of 1.00% and above from 12 to 28 d of age (Table 5).  Breast fillet yields as a % live of BW were 
lowest (P<0.0001) for birds fed digestible Lys of 0.92% and lower from 12 to 28 d of age, 
however they were not different (P>0.05) from the birds fed digestible Lys of 1.16%.  The linear 





Cobb 700 male broilers from 12 to 28 d to be 1.24% (R2=41.1%) for breast fillet yields as a % of 
live BW, however the lines intersected at 1.00% digestible Lys (Table 7).  The exponential 3P 
response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 12 to 28 d to be 1.02% (R2=36.7%) for breast fillet yields as a % of live BW. 
Males fed digestible Lys of 0.84% had the highest (P<0.01) total leg yields as a % of live BW, 
however this response was not different (P>0.05) compared to that of total leg yields as a % of 
live BW of birds fed digestible Lys levels of 0.92, 1.08, and 1.16% (Table 5).  Birds fed 1.00% 
digestible Lys from 12 to 28 d had the lowest (P<0.01) total leg yields as % of BW at 56 d, 
however they were not different (P>0.05) to those of digestible Lys levels of 1.08, 1.16 ang 
1.24% digestible Lys.  The linear broke-line response curve model estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 0.84% 
(R2=29.0%) for minimal total leg meat yield as a % of live BW, however the lines intersect at 
1.00% digestible Lys (Table 7).  The quadratic polynomial response curve estimated the optimal 
level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 0.91% 
(R2=24.4%) for minimal total leg meat yield as a % of live BW. 
Cobb MV x Cobb 700 male broilers fed increasing digestible Lys from 12 to 28 d had the highest 
(P<0.01) drum yield as a % live of BW when fed 0.84% digestible Lys (Table 5).  However, the 
drum yield as a % of live BW did not differ (P>0.05) between treatments of 0.92, 1.16 an 1.24% 
digestible Lys.  Birds fed digestible Lys levels of 1.00 and 1.08% had the lowest (P<0.01) drum 
yield as a % live of BW however, they were not different from birds fed digestible Lys levels of 
0.92% and above (Table 5).  The linear broke-line response curve model estimated the optimal 
level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 0.84% 





Lys (Table 7).  The quadratic polynomial response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 12 to 28 d to be 0.9480% 
(R2=29.2%) for drum yield as a % of live BW. 
There was no difference (P>0.05) in wooden breast or white striping scores when birds were fed 
increasing % digestible Lys levels from 12 to 28 d of age (Table 6).  
Experiment 2:  Finisher Phase (28 to 42 d of Age) 
The effects of different levels of digestible Lys during the finisher phase on production 
parameters are summarized in Table 4.  There were no differences (P>0.05) in 55 d BW of Cobb 
MV x Cobb 700 male broilers (Table 4).  The BW gain from 28 to 42 d was highest (P<0.001) 
for birds fed digestible Lys levels of 1.16% and above compared to BW gains of birds fed 
digestible Lys of 1.08% and below.  However, the BW gains of these levels were not different 
(P>0.05) compared to the BW gains of birds fed 1.00 and 1.08% digestible Lys.  BW gains of 
birds fed 0.92% digestible Lysine were lowest (P<0.001).  The BW gains of birds fed 0.92% 
digestible Lys were not different (P>0.05) compared to those of birds fed 1.00 and 1.08% 
digestible Lys.  The linear broke-line response curve model estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 1.32% 
(R2=33.0%) for BW gain, however the lines intersect at 1.03% digestible Lys (Table 8).  The 
quadratic polynomial response curve estimated the optimal level of digestible Lys fed to Cobb 
MV x Cobb 700 male broilers from 28 to 42 d to be 1.00% (R2=34.3%) for BW gain. 
There were no differences (P>0.05) in 28 to 42 d FCR or 0 to 55 d FCR with increasing 
digestible Lys % from 28 to 42 d (Table 4).  The linear broke-line response curve model 





to 42 d to be 1.32% (R2=41.4%) for 28 to 42 d FCR, however the lines intersect at 0.98% 
digestible Lys (Table 8).  The exponential 2P response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 1.18% 
(R2=39.7%) for FCR. 
There was no effect (P>0.05) of feeding increasing digestible Lys % to Cobb MV x Cobb 700 
male broilers between 28 to 42 d of age on carcass as a % of live BW at 56 d, and carcass yields 
of total white meat, breast fillet, tenders, total leg meat, thighs, and drums as percentages of live 
BW (Table 5).  The linear broke-line response curve model estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 1.26% (R2=9.3%) 
for carcass yield as a % of live 56 d BW (Table 8).  The linear response curve estimated the 
optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 
1.32% (R2=12.5%) for carcass yield as a % of live BW.  The linear broke-line response curve 
model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers 
from 28 to 42 d to be 1.32% (R2=33.0%) for total white meat yield as a % of live BW at 56 d.  
The exponential 2P response curve estimated the optimal level of digestible Lys fed to Cobb MV 
x Cobb 700 male broilers from 28 to 42 d to be 1.32% (R2=12.5%) for total white meat yield as a 
% of live BW. The linear broke-line response curve model estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 1.32% (R2=9.4%) 
for breast fillet as a % of live 56 d BW, however the lines intersect at 1.08% digestible Lys.  The 
linear response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 
male broilers from 28 to 42 d to be 1.32% (R2=8.9%) for breast fillet as a % of live 56 d BW.  
The linear broke-line response curve model estimated the optimal level of digestible Lys fed to 





of 56 d live BW, however the lines intersect at 1.22% digestible Lys.  The exponential 2P 
response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 28 to 42 d to be 1.32% (R2=8.0%) for tenders as a % of live 56 d BW. The linear 
broke-line response curve model estimated the optimal level of digestible Lys fed to Cobb MV x 
Cobb 700 male broilers from 28 to 42 d to be 1.32% (R2=1.2%) for total leg meat as a % of 56 d 
BW, however the lines intersect at 1.00% digestible Lys.  The linear response curve estimated 
the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to 
be 1.32% (R2=0.98%) for total leg meat as a % of 56 d live BW. The linear broke-line response 
curve model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 28 to 42 d to be 1.32% (R2=0.04%) for thighs as a % of 56 d live BW, however the 
lines intersect at 1.18% digestible Lys.  The linear response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 1.32% 
(R2=0.04%) for thighs as a % of 56 d live BW. The linear broke-line response curve model 
estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 
to 42 d to be 0.98% (R2=1.8%) for drums as a % of 56 d live BW.  The exponential 2P response 
curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers 
from 28 to 42 d to be 1.12% (R2=0.0%) for drums as a % of 56 d live BW.  The birds fed 
digestible Lys of 1.16% had the highest (P<0.10) wing as a % of live BW; however, they were 
not different (P>0.05) in wing as a % of live BW of birds fed digestible Lys levels of 0.92, 1.00, 
1.24 and 1.32%.  Male broilers fed 1.08% digestible Lys had the lowest (P<0.10) wings as a % 
of live BW.  However, they were not different (P>0.05) from those birds fed digestible Lys 
levels of 0.92, 1.00, 1.24 and 1.32%.  Birds fed 1.32% digestible Lys had the lowest (P<0.0001) 





1.24% digestible Lys and lower.  However, there were not differences (P>0.05) from abdominal 
fat pad as a % of live BW of those birds fed 1.08, 1.16, and 1.24% digestible Lys.  The birds fed 
digestible Lys of 0.92% had the highest (P<0.0001) abdominal fat pad as a % of live BW. The 
linear broke-line response curve model estimated the optimal level of digestible Lys fed to Cobb 
MV x Cobb 700 male broilers from 28 to 42 d to be 1.32% (R2=2.1%) for wings as a % of 56 d 
BW, however the lines intersect at 0.99% digestible Lys.  The linear response curve estimated 
the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to 
be 1.32% (R2=1.4%) for wings as a % of 56 d BW. The linear broke-line response curve model 
estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 
to 42 d to be 1.32% (R2=41.2%) for abdominal fat pad as a % of 56 d live BW, however the lines 
intersect at 1.11% digestible Lys.  The exponential 2P response curve estimated the optimal level 
of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 28 to 42 d to be 1.17% 
(R2=40.8%) for abdominal fat pad as a % of 56 d live BW. 
When birds were fed increasing digestible Lys levels from 28 to 42 d of age, there was no 
difference (P>0.05) in wooden breast or white striping scores (Tables 6).   
Experiment 3:  Withdrawal Phase (42 to 54 d of Age) 
The effects of different levels of digestible Lys during the withdrawal phase on production 
parameters are summarized in Table 4.  The BW gains from 42 to 54 d were highest (P<0.05) 
when birds were fed digestible Lys of 1.01% compared to all other treatments (Table 4).  
However, the BW gains of birds fed 0.85, 0.93, 1.09 and 1.17% digestible Lys were not different 
(P>0.05) from those of 1.01% digestible Lys.  Male broilers fed digestible Lys of 0.77% had the 
lowest (P<0.05) 42 to 54 d BW gain; however, the BW gain of 0.77% digestible Lys did not 





curve model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 42 to 54 d to be 1.17% (R2=18.3%) for BW gain, however the lines intersect at 
1.01% digestible Lys (Table 9).  The linear response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.17% 
(R2=16.0%) for BW gain.  There was no effect (P>0.05) with increasing digestible Lys from 42 
to 54 d of age for 55 d BW (Table 4). 
The 42 to 54 d FCR of birds fed 1.17% digestible Lys was lowest (P<0.0001), but this FCR did 
not differ (P>0.05) from birds fed 0.93, 1.01, or 1.09% digestible Lys (Table 4).  The highest 
(P<0.0001) 42 to 54 d FCR was of the males fed digestible Lys of 0.77%, but this FCR did not 
differ (P>0.05) from that of birds fed digestible Lys of 0.85 and 0.93%.  The males fed digestible 
Lys of 0.85% did not differ (P>0.05) from those fed digestible Lys of 0.93, 1.01 and 1.09%.  
Birds fed digestible Lys level 1.17% had the lowest 0d to 54d FCR (P=0.0001); however, the 0d 
to 54d FCR of bird fed 1.17% digestible Lys was not different (P>0.05) compared to those fed 
digestible Lys levels of 1.01 and 1.09%.  Birds fed digestible Lys levels of 0.85, 0.93, 1.01 and 
1.09 did not have different (P>0.05) 0d to 54d FCR.  The 0d to 54d FCR was highest (P=0.0001) 
for birds fed digestible Lys level 0.77%, however they were not different compared to those 
birds fed digestible Lys levels of 0.85 and 0.93%.  Male broilers fed digestible Lys level of 
1.17% had the lowest (P<0.0001) 42 to 54 d FCR change, which was similar (P>0.05) to those 
birds fed digestible Lys of 1.01%.  The second lowest (P<0.0001) 42 to 54 d FCR change was 
that of birds fed 1.01% digestible Lys, which were not different (P>0.05) from those of birds fed 
digestible Lys levels of 0.93 and 1.09%.  The 42 to 54 d FCR change of birds fed digestible Lys 
of 1.09% was not different (P>0.05) from those of 0.85 and 0.93% digestible Lys.  The birds that 





they were not different (P>0.05) from the 42 to 54 d FCR change of digestible Lys levels of 0.85 
and 0.93%.  The linear broke-line response curve model estimated the optimal level of digestible 
Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.17% (R2=47.9%) for 
FCR, however the lines intersect at 0.86% digestible Lys (Table 9).  The linear response curve 
estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 
to 54 d to be 1.17% (R2=47.8%) for 42 to 54 d FCR. 
There was no effect (P>0.05) of feeding increasing digestible Lys % to Cobb MV x Cobb 700 
male between 42 and 54 days of age for live body weight yields of carcass, total white meat, 
breast fillet, tenders, total leg meat, thighs, drums and wings (Table 5).  The abdominal fat pad as 
a % of live BW at 55 d of birds fed digestible Lys level 0.77% were the highest being greater 
(P<0.05) than those fed 0.93% digestible Lys, but and were not different (P>0.05) from those 
birds fed digestible Lys levels of 0.85, 1.01, 1.09 and 1.17%.  The birds fed digestible Lys level 
0.93% had the lowest (P<0.05) abdominal fat pad as a % of BW at 55 d but was not different 
(P>0.05) compared to birds fed digestible Lys levels of 0.85, 1.01, 1.09 and 1.17%. 
The linear broke-line response curve model estimated the optimal level of digestible Lys fed to 
Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.10% (R2=23.3%) for carcass as a % 
of 55 d BW (Table 9).  The cubic response curve estimated the optimal level of digestible Lys 
fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 0.97% (R2=21.9%) for carcass 
as a % of 55 d BW.  The linear broke-line response curve model estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.09% (R2=8.7%) 
for total white meat as a % of 55 d BW.  The linear response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.17% (R2=5.6%) 





the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to 
be 1.10% (R2=5.1%) for breast fillet as a % of 55 d BW.  The linear response curve estimated the 
optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 
1.17% (R2=2.6%) for breast fillet as a % of 55 d BW.  The linear broke-line response curve 
model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers 
from 42 to 54 d to be 1.17% (R2=5.4%) for tenders as a % of 55 d BW; however, the lines 
intersect at 0.90% digestible Lys.  The linear response curve estimated the optimal level of 
digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.17% (R2=5.4%) 
for tenders as a % of 55 d BW.  The linear broke-line response curve model estimated the 
optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 
1.05% (R2=19.5%) for minimum total leg meat as a % of 55 d BW.  The quadratic polynomial 
response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 42 to 54 d to be 1.17% (R2=18.1%) for minimum total leg meat as a % of 55 d BW. 
The linear broke-line response curve model estimated the optimal level of digestible Lys fed to 
Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.00% (R2=14.6%) for minimum 
thighs as a % of 55 d BW.  The quadratic polynomial response curve estimated the optimal level 
of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 1.17% 
(R2=14.8%) for minimum thighs as a % of 55 d BW.  The linear broke-line response curve 
model estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers 
from 42 to 54 d to be 1.18% (R2=11.6%) for minimal drums as a % of 55 d BW.  The linear 
response curve estimated the optimal level of digestible Lys fed to Cobb MV x Cobb 700 male 
broilers from 42 to 54 d to be 0.77% (R2=11.6%) for minimal drums as a % of 55 d BW.  The 





MV x Cobb 700 male broilers from 42 to 54 d to be 0.84% (R2=4.6%) for wings as a % of 55 d 
BW.  The linear response curve estimated the optimal level of digestible Lys fed to Cobb MV x 
Cobb 700 male broilers from 42 to 54 d to be 0.77% (R2=2.6%) for wings as a % of 55 d BW.  
The linear broke-line response curve model estimated the optimal level of digestible Lys fed to 
Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 0.94% (R2=22.8%) for minimal 
abdominal fat as a % of 55 d BW.  The quadratic polynomial response curve estimated the 
optimal level of digestible Lys fed to Cobb MV x Cobb 700 male broilers from 42 to 54 d to be 
0.82% (R2=20.4%) for minimal abdominal fat as a % of 55 d BW. 
When birds were fed increasing digestible Lys levels from 42 to 54 d of age, there was no 
difference (P>0.05) in wooden breast or white striping scores (Tables 6).   
DISCUSSION 
The Cobb 700 Broiler Performance and Nutrition Supplement (2008) estimated the need of 
digestible Lys as the following:  1.22% (0 to 10d), 1.08% (11 to 22d), 0.99% (23 to 42 d), and 
0.95% (43 d and older).  In comparison, the NRC recommendations for digestible Lys (met by a 
corn-soy based diet of approximately 88% digestible Lys) are 0.97% (0 to 3 wk), 0.88% (3 to 6 
wk), and 0.75% (6 to 8 wk) of the diet (Cemin et al., 2017; NRC, 1994).  The published needs of 
the Cobb 700 (Cobb 2008) were higher than that of the NRC recommendations.  This also agrees 
with estimates of the need of digestible Lys for Ross x Ross 708 and the Ross x TP16 with needs 
within different age phases being higher than those recommended by the NRC (Dozier et al., 







Experiment 1:  Grower Phase (12 to 28 d of Age) 
The linear broken-line model was only adequate for estimating the digestible Lys need for the 
response of BW gain of 1.21% (R2=88.6%) digestible Lys (Table 7).  The best fit of 12 to 28 d 
mortality adjusted FCR was found to be an exponential 2P growth model estimating the need to 
be 1.14% digestible Lys (R2=95.2%).  Statistically, the linear broken-line model was also 
adequate for estimating the digestible Lys need for total white meat yield as a % of live BW 
having an R2 value of 92.9%, with the break of the lines occurring at 0.99% digestible Lysine.  
However, JMP 14 software (SAS 2017) profiling tool with desirability for total white meat yield 
set to maximum resulted in a need of 1.24% digestible Lys.  It has been reported that the needs 
of digestible Lys of broilers differs with the need being highest for breast meat yield, lower for 
feed conversion, and lowest for BW and abdominal fat, respectively (Leclercq, 1998).  However, 
in experiment 1 the estimation of the male broiler’s need for digestible Lys % in experiment 1 
was 1.21% for BW gain, 1.14% for mortality adjusted feed conversion and 0.99% total white 
meat yield.  Similar results were found in an unpublished study, the digestible Lys needs of the 
Cobb MV x Cobb 700 male in the starter phase from 0d to 12 d was estimated was lower for 
mortality adjusted FCR than that of BW gain with the needs estimated to be 1.30 and 1.25% for 
BW gain and feed conversion, respectively (Butler et al., 2018).  The needs estimated from the 
data in experiment 1 and the unpublished study conflict with the findings of Leclercq (1998). 
However, the optimal digestible Lys for the linear broken-line models for mortality adjusted 
FCR and total white meat yield as a percent of live BW was estimated at 1.24% which is above 
the levels measured.  This suggests that the need may not have been met for these responses 
resulting in the conflicting data. The starter diet for the present experiment contained 1.20% 





needs of digestible Lys were not met by 1.20% in the starter phase for experiment 1, or that the 
levels of digestible Lys were not high enough to predict the need of digestible Lys for feed 
conversion and white meat yield since our highest level of digestible Lys was 1.24%.  A previous 
study on broiler chicks from 0 to 3 d where they compared chicks fed a control digestible Lys 
diet of 1.40% or one of three diets being deficient in digestible Lys with levels of 0.63, 0.72 and 
0.82% digestible Lys (Bastianelli et al., 2007).  The study showed that chicks that had early 
digestible Lys deficiencies had effects on their later nutritional responses (Bastianelli et al., 
2007). 
Experiment 2:  Grower Phase (28 to 42 d of Age) 
Body weight gain from 28 to 42 d was best described using a quadratic polynomial model which 
estimated the need of digestible Lys to be 1.00% (R2=34.3%).  This value is close to the 0.99% 
recommendation of the Cobb recommendations (2008), and that of the Ross estimated need 
within the grower phase of 0.99% (Dozier et al., 2010).  A cubic polynomial model was found to 
be the best fit for the 28 to 42 d mortality adjusted FCR; however, the R2 values for this model 
was only moderately adequate in estimating the need of digestible Lys to be 1.32% (R2=20.0%).     
However, the variation of responses and the difficulty in fitting a proper estimation curve for 
many variables may again suggest that the birds digestible Lys needs were not met prior to the 
start of the experiment phase at 28 d.  Especially since the optimal level of digestible Lys for 
most response variables suggests that the need is at or above 1.32% digestible Lys (Table 8).  As 
with experiment 1 the digestible Lys needs may not have been met in the early two phases due to 
the levels of digestible Lys being set at 1.20% in the starter phase and 1.16% in the grower 
phase.  As stated the needs in an unpublished study in the starter phase were found to be 1.301% 





estimations are higher than what experiment 2 received in the starter and grower phases, which 
may have resulted in the variation differences.  As seen with the study by Bastianelli, et al., 
(2007) the effects of early digestible Lys deficiencies can have lasting effects on sensitivity to 
digestible Lys.   
Experiment 3:  Withdrawal Phase (42 to 54 d of Age) 
The best fit estimations curves for digestible Lys had very low R2 values for all three 
experiments, but especially for the third experiment (Table 10).  This again suggests that the 
digestible Lys needs may not have been met early and caused birds to have variable responses to 
digestible Lys.  The linear broken-line estimation of the need of digestible Lys % for feed 
conversion change from 42 to 54 d was estimated at 0.857% with a moderate R2 value of 
47.87%.  The linear broken-line estimation of need of digestible Lys % for BW gain from 42 to 
54 d was estimated at 1.013% digestible Lys with a low R2 value of 18.33%.  This would not 
agree with previous work showing that the need of digestible Lys is higher for feed conversion 
than it is for BW gain (Leclercq, 1998).  This also suggests that while the estimated digestible 
Lys need from 42 to 54 d of 0.857% may be accurate, but that of BW gain is overestimated due 
to possible early deficiencies.   
CONCLUSIONS 
The Cobb MV x Cobb 700 male broiler needs of digestible Lys in the grower phase from 12 to 
28 d were 1.205, 0.920% and 0.994% for BW gain, feed conversion and total white meat yield.  
The estimated needs for the birds in the finisher phase (28 to 42 d) and withdraw phases (42 to 
54 d) were not well established.  Further investigation of the Cobb MV x Cobb 700 broiler needs 
of digestible Lys need to be evaluated, especially of those that receive higher levels of digestible 
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Table 1:  Diet ingredients and nutrients fed to Cobb MV x Cobb 700 male broilers to determine 
digestible Lys needs in the grower phase (1 to 28 d). 
Days of Age 0 to 12 d 12 to 28 d 28 to 42 d 42 to 55 d 
Treatments Common T1 T2 T3 T4 T5 T6 Common Common 
Ingredient, % of 
diet1          
Corn 59.12 72.80 68.83 64.86 60.89 56.92 52.95 65.82 67.76 
Soybean meal 35.01 22.41 25.65 28.89 32.12 35.36 38.60 26.98 25.02 
Poultry Fat 2.54 1.83 2.54 3.26 3.97 4.68 5.39 4.21 4.23 
Phosphate 1.94 1.86 1.84 1.82 1.79 1.77 1.75 1.60 1.61 
Alimet2 0.34 0.16 0.20 0.24 0.28 0.32 0.36 0.28 0.25 
Limestone 0.31 0.34 0.33 0.31 0.30 0.29 0.27 0.30 0.31 
Salt 0.19 0.26 0.26 0.27 0.27 0.27 0.28 0.26 0.26 
L-Lysine HCl 0.16 0.10 0.10 0.10 0.10 0.10 0.10 0.14 0.14 
Threonine 98% 0.11 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.09 
Choline 0.09       0.12 0.13 
Zoamix 25%3 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Nutrient          
ME; kcal/kg 2,996 3,106 3,106 3,106 3,106 3,106 3,106 3,172 3,194 
CP, % 21.0 16.0 17.2 18.5 19.7 20.9 22.1 17.6 17.3 
Calcium, % 0.90 0.84 0.84 0.84 0.84 0.84 0.84 0.76 0.76 
Available 
phosphorus, % 0.45 0.42 0.42 0.42 0.42 0.42 0.42 0.38 0.38 
Sodium, % 0.19 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 
Chloride, % 0.20 0.22 0.22 0.22 0.22 0.22 0.22 0.24 0.24 
Na+K-Cl 
(mEq/kg) 276 224 238 252 266 280 293 235 232 
Digestible Arg, % 1.30 0.94 1.03 1.11 1.20 1.29 1.37 1.07 1.00 
Total Lys, % 1.33 0.93 1.02 1.11 1.20 1.29 1.37 1.08 1.03 
Digestible Lys, % 1.20 0.84 0.92 1.00 1.08 1.16 1.24 0.98 0.93 
Total Met, % 0.63 0.41 0.46 0.51 0.56 0.61 0.66 0.53 0.49 
Digestible Met, % 0.60 0.39 0.44 0.49 0.53 0.58 0.63 0.51 0.47 
Digestible Met + 
Cys, % 0.89 0.63 0.69 0.75 0.81 0.87 0.93 0.76 0.76 
Digestible Trp, % 0.23 0.17 0.19 0.21 0.23 0.24 0.26 0.18 0.18 
Digestible The, % 0.78 0.55 0.60 0.65 0.70 0.75 0.81 0.61 0.63 
Digestible Ile, % 0.82 0.63 0.69 0.74 0.80 0.86 0.91 0.71 0.67 
Digestible Leu, % 0.90 0.71 0.76 0.82 0.87 0.93 0.98 0.76 0.72 
Choline (mg/kg) 1,742 1,033 1,097 1,161 1,222 1,286 1,350 1,742 1,742 
1All diets contained; vitamin premix3 = 0.05% and mineral premix4 = 0.10% 
2Alimet is the tradename for liquid methionine produced by Novus International, Saint Charles, 
Missouri. 
3Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 
acid 32.90 g, Pyridoxine 7.08 g, Biotin 0.43 g, Folic acid 4.49 g, Vitamin B12 0.076 g 
4Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 





Table 2:  Diet ingredients and nutrients fed to Cobb MV x Cobb 700 male broilers to determine 
digestible Lys needs in the finisher phase (28 to 42 d). 
Days of Age 0 to 14 d 14 to 28 d 28 to 42 d 42 to 55 d 
Treatments Common Common T1 T2 T3 T4 T5 T6 Common 
Ingredient, % of 
diet1          
Corn 59.12 56.92 69.10 65.11 61.12 57.12 53.01 48.52 67.76 
Soybean meal 35.01 35.36 24.51 27.76 31.01 34.26 37.63 41.32 25.02 
Poultry Fat 2.54 4.68 3.45 4.18 4.91 5.65 6.40 7.21 4.23 
Phosphate 1.94 1.77 1.61 1.59 1.57 1.55 1.52 1.50 1.61 
Alimet2 0.34 0.32 0.24 0.29 0.33 0.37 0.42 0.46 0.25 
Limestone 0.31 0.29 0.31 0.29 0.27 0.26 0.24 0.22 0.31 
Salt 0.19 0.27 0.26 0.26 0.26 0.27 0.27 0.27 0.26 
L-Lysine HCl 0.16 0.10 0.14 0.14 0.14 0.14 0.14 0.12 0.14 
Threonine 98% 0.11 0.08 0.03 0.04 0.05 0.06 0.07 0.07 0.09 
Choline 0.09  0.15 0.14 0.13 0.12 0.11 0.09 0.13 
S-Carb   0.05 0.05 0.05 0.05 0.05 0.05  
Zoamix 25%3 0.05 0.05       0.05 
Nutrient          
ME; kcal/kg 2,996 3,106 3,176 3,176 3,176 3,176 3,176 3,176 3,194 
CP, % 21.0 20.9 16.8 18.0 19.2 20.4 21.6 22.9 17.3 
Calcium, % 0.90 0.84 0.76 0.76 0.76 0.76 0.76 0.76 0.76 
Available 
phosphorus, % 0.45 0.42 0.38 0.38 0.38 0.38 0.38 0.38 0.38 
Sodium, % 0.19 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 
Chloride, % 0.20 0.22 0.25 0.25 0.25 0.25 0.24 0.24 0.24 
Na+K-Cl (mEq/kg) 276 280 224 238 253 267 282 300 232 
Digestible Arg, % 1.30 1.29 0.99 1.08 1.17 1.25 1.34 1.44 1.00 
Total Lys, % 1.33 1.29 1.02 1.11 1.19 1.28 1.37 1.46 1.03 
Digestible Lys, % 1.20 1.16 0.92 1.00 1.08 1.16 1.24 1.32 0.93 
Total Met, % 0.63 0.61 0.49 0.54 0.59 0.65 0.70 0.75 0.49 
Digestible Met, % 0.60 0.58 0.47 0.52 0.57 0.62 0.67 0.72 0.47 
Digestible Met, 
%+Cys 0.89 0.87 0.72 0.78 0.84 0.90 0.97 1.03 0.76 
Digestible Trp, % 0.23 0.24 0.18 0.20 0.22 0.23 0.25 0.27 0.18 
Digestible Thr, % 0.78 0.75 0.57 0.62 0.67 0.72 0.77 0.82 0.63 
Digestible Ile, % 0.82 0.86 0.68 0.74 0.80 0.86 0.92 0.97 0.67 
Digestible Leu, % 0.90 0.93 0.73 0.80 0.86 0.93 0.99 1.05 0.72 
Choline (mg/kg) 1,742 1,286 1,872 1,872 1,872 1,872 1,872 1,872 1,742 
 1All diets contained; vitamin premix4 = 0.05% and mineral premix5 = 0.10% 
2Alimet is the tradename for liquid methionine produced by Novus International, Saint Charles, 
Missouri. 
3Zoamix 25% is the tradename of anticoccidial produced by Zoetis, Lee’s Summit, Missouri. 
4Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 
acid 32.90 g, Pyridoxine 7.08 g, Biotin 0.43 g, Folic acid 4.49 g, Vitamin B12 0.076 g 
5Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 





Table 3:  Diet ingredients and nutrients fed to Cobb MV x Cobb 700 male broilers to determine 
digestible Lys needs in the withdraw phase (42 to 54d). 
Days of Age 0 to 14 d 14 to 28 d 28 to 42 d 42 to 54 d 
Treatments Common Common Common T1 T2 T3 T4 T5 T6 
Ingredient, % of 
diet1          
Corn 57.39 59.09 63.64 75.99 72.16 68.33 64.50 60.68 56.85 
Soybean meal 35.67 32.40 27.96 17.35 20.49 23.63 26.78 29.92 33.06 
Poultry Fat 2.84 4.39 4.62 3.02 3.70 4.39 5.07 5.75 6.44 
Phosphate 1.59 1.47 1.30 1.36 1.35 1.33 1.31 1.29 1.28 
Alimet 0.34 0.28 0.29 0.17 0.21 0.26 0.30 0.35 0.39 
Limestone 1.19 1.10 1.01 1.08 1.05 1.02 1.00 0.97 0.94 
Salt 0.33 0.38 0.32 0.29 0.29 0.30 0.30 0.31 0.31 
L-Lysine HCl 0.14 0.10 0.14 0.17 0.17 0.18 0.18 0.18 0.18 
Threonine 98% 0.10 0.07 0.04 0.05 0.06 0.08 0.09 0.10 0.11 
Choline 0.09 0.10 0.14 0.18 0.17 0.16 0.15 0.14 0.12 
Zoamix 25% 0.05 0.05        
S-Carb 0.13 0.17 0.15 0.19 0.18 0.18 0.17 0.17 0.16 
Azomite  0.25 0.25       
Nutrient          
ME; kcal/kg 2,996 3,106 3,176 3,200 3,200 3,200 3,200 3,200 3,200 
CP, % 21.0 19.6 17.9 14.4 15.6 16.8 17.9 19.1 20.3 
Calcium, % 0.90 0.84 0.76 0.76 0.76 0.76 0.76 0.76 0.76 
Available 
phosphorus, % 0.45 0.42 0.38 0.38 0.38 0.38 0.38 0.38 0.38 
Sodium, % 0.18 0.21 0.18 0.18 0.18 0.18 0.18 0.18 0.18 
Chloride, % 0.28 0.30 0.28 0.28 0.28 0.28 0.28 0.28 0.28 
Na+K-Cl (mEq/kg) 253 244 216 170 183 197 211 224 238 
Digestible Arg, % 1.30 1.20 1.08 0.81 0.89 0.98 10.60 1.15 1.23 
Total Lys, % 1.32 1.20 1.11 0.85 0.94 1.03 1.12 1.20 1.29 
Digestible Lys, % 1.20 1.08 1.00 0.77 0.85 0.93 1.01 1.09 1.17 
Total Met, % 0.62 0.56 0.54 0.39 0.45 0.50 0.55 0.61 0.66 
Digestible Met, % 0.60 0.53 0.52 0.38 0.43 0.48 0.53 0.58 0.63 
Digestible Met + 
Cys, % 0.89 0.81 0.78 0.60 0.66 0.73 0.79 0.85 0.91 
Digestible Trp, % 0.24 0.22 0.20 0.14 0.16 0.18 0.20 0.21 0.23 
Digestible Thr, % 0.78 0.70 0.62 0.50 0.55 0.61 0.66 0.71 0.76 
Digestible Ile, % 0.86 0.80 0.65 0.51 0.56 0.61 0.67 0.72 0.77 
Digestible Val, % 0.93 0.86 0.77 0.58 0.64 0.70 0.76 0.82 0.88 
Choline (mg/kg) 1,742 1,742 1,872 1,872 1,872 1,872 1,872 1,872 1,872 
1All diets contained; vitamin premix2 = 0.05% and mineral premix3 = 0.10% 
2Vitamin premix contained per metric ton:  Vitamin A 13,343 IU, Vitamin D3 5,810 IU, Vitamin 
E 119 IU, Vitamin K 6.52 g, Thiamine 5.34 g, Riboflavin 15.27 g, Niacin 54.69 g, Pantothenic 
acid 32.90 g, Pyridoxine 7.08 g, Biotin 0.43 g, Folic acid 4.49 g, Vitamin B12 0.076 g 
3Mineral premix contained in diets:  Manganese 120 ppm, Zinc 110 ppm, Selenium 0.30 ppm, 






Table 4:  Effects of diets with increasing levels of digestible Lys fed to Cobb MV x Cobb 700 
male broilers BW, BW gains, and feed conversion ratios* (FCR) in three experiments to 
determine digestible Lys needs of the grower (12 to 28 d), finisher (28 to 42 d) and withdraw (42 
to 54 d) phases. 
 Digestible lysine, % of diet; treatments   
 T1 T2 T3 T4 T5 T6 SEM P-Value 
Grower phase:  12 to 28 d         
Digestible Lys, % 0.84 0.92 1.00 1.08 1.16 1.24   
         
12 to 28 d BW gain 945e 1,017d 1,099c 1,136b 1,148ab 1,171a 6.8 <0.0001 
55 d BW 4,034b 4,101ab 4,333a 4,211ab 4,184ab 4,270ab 61.0 0.0198 
12 to 28 d FCR 1.574a 1.496b 1.434c 1.362d 1.339d 1.261e 0.0077 <0.0001 
0 to 55 d FCR 1.712 1.687 1.666 1.684 1.684 1.658 0.1519 0.2649 
 
        
Finisher phase:  28 to 42 d         
Digestible Lys, % 0.92 1.00 1.08 1.16 1.24 1.32   
         
28 to 42 d BW gain 1,410b 1,497ab 1,509ab 1,553a 1,559a 1,532a 26.7 0.0077 
55 d BW 4,124 4,200 4,224 4,097 4,135 4,181 63.4 0.7236 
28 to 42 d FCR 2.409 2.268 2.355 2.597 2.569 2.448 0.0828 0.0950 
0 to 55 d FCR 1.722 1.709 1.684 1.717 1.702 1.688 0.0166 0.5771 
 
        
Withdraw phase:  42 to 54 d         
Digestible Lys, % 0.77 0.85 0.93 1.01 1.09 1.17   
         
42 to 54 d BW gain 983b 1,016ab 1,050ab 1,143a 1,061ab 1,129ab 32.8 0.0295 
54 d BW 3,849 3,887 3,951 4,001 3,983 3,977 45.6 0.2721 
42 to 54 d FCR 2.359a 2.248ab 2.160bc 2.090bc 2.161bc 2.007c 0.0376 <0.0001 
0 to 54 d FCR 1.717a 1.701ab 1.687ab 1.668bc 1.660bc 1.640c 0.0095 0.0001 
a-eMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 






Table 5:  Effects of diets with increasing levels of digestible Lys fed to Cobb MV x Cobb 700 
male on broilers processing parts yields1 as percentages of live body weight in three experiments 
to determine digestible Lys needs in the grower (12 to 28 d), finisher (28 to 42 d) and withdraw 
(42 to 54 d) phases. 
 Treatments with increasing digestible Lys   
 T1 T2 T3 T4 T5 T6 SEM P-Value 
Grower phase: 12 to 28 d         
Digestible Lys, % 0.84 0.92 1.00 1.08 1.16 1.24   
         
Carcass, %2 79.3 79.4 79.7 80 79.6 79.8 0.17 0.1594 
White meat, % 27.9b 28.0b 29.5a 29.3a 28.8ab 29.6a 0.212 <0.0001 
Breast fillet, % 23.5b 23.6b 25.0a 24.7a 24.4ab 25.0a 0.205 <0.0001 
Tenders, % 4.4 4.4 4.6 4.5 4.4 4.5 0.052 0.3211 
Total leg, % 24.4a 24.3ab 23.5c 23.6abc 23.8abc 23.6bc 0.153 0.0029 
Thighs, % 14.4 14.4 13.9 14.1 14.2 14 0.112 0.0432 
Drums, % 10.0a 9.9ab 9.5b 9.5b 9.6ab 9.6ab 0.078 0.0037 
Wings, % 7.4 7.5 7.5 7.7 7.5 7.5 0.055 0.0500 
Abdominal Fat, % 1.4 1.5 1.3 1.3 1.3 1.3 0.055 0.1033 
         
Finisher phase: 28 to 42 d         
Digestible Lys, % 0.92 1.00 1.08 1.16 1.24 1.32   
         
Carcass, % 78.5 78.4 78.5 78.8 79.0 78.7 0.21 0.3159 
White meat, % 36.1 36.5 37.1 36.4 37.2 37.6 0.38 0.1378 
Breast fillet, % 30.8 31.1 31. 31.2 31.8 31.8 0.37 0.3383 
Tenders, % 5.4 5.4 5.5 5.3 5.5 5.7 0.12 0.4059 
Total leg, % 30.7 30.3 30.4 30.7 30.5 30.4 0.28 0.8904 
Thighs, % 18.1 18.0 18.1 18.3 18.1 18.0 0.19 0.9354 
Drums, % 12.6 12.2 12.3 12.5 12.3 12.4 0.13 0.5255 
Wings, % 9.7ab 9.6ab 9.6b 9.9a 9.7ab 9.7ab 0.07 0.0952 
Abdominal Fat, % 1.9a 1.8ab 1.6abc 1.4bc 1.5abc 1.3c 0.08 <0.0001 
         
Withdraw phase: 42 to 54 d         
Digestible Lys, % 0.77 0.85 0.93 1.01 1.09 1.17   
         
Carcass, % 78.3 78.4 78.5 78.7 78.9 78.5 0.15 0.1216 
White meat, % 28.7 28.7 28.8 28.9 29.2 28.9 0.19 0.423 
Breast fillet, % 24.4 24.2 24.4 24.5 24.7 24.4 0.19 0.7447 
Tenders, % 4.4 4.5 4.4 4.4  4.6 4.5 0.06 0.1536 
Total leg, % 23.0 23.2 23.4 23.7 23.5 23.4 0.18 0.2009 
Thighs, % 13.8 13.9 14.2 14.2 14.2 14.0 0.15 0.4145 
Drums, % 9.2 9.3 9.3 9.4 9.3 9.4 0.07 0.1467 
Wings, % 7.5 7.6 7.5 7.5 7.5 7.5 0.06 0.7429 
Abdominal Fat, % 1.3a 1.2ab 1.1b 1.1ab 1.1ab 1.2ab 0.06 0.0465 
a-cMean values within a row that have different letters are different at P < 0.05 (Tukey’s Test). 
1Carcass yield was calculated as carcass weight, minus giblets, as a percent of live BW. 






Table 6:  Effects of diets with increasing levels of digestible Lys fed to Cobb MV x Cobb 700 
male broilers on breast fillet wooden breast and white striping score percentages1 by category2 in 
three experiments at different age phases, grower (12 to 28 d), finisher (28 to 42 d) and withdraw 
(42 to 54 d) 
 Treatments with increasing digestible Lys   
 T1 T2 T3 T4 T5 T6 SEM P-value 
Grower phase: 12 to 28 d         
Digestible Lys, % 0.84 0.92 1.00 1.08 1.16 1.24   
         
Woody breast 0 29.17 46.67 22.92 20.83 21.25 27.08 6.11 0.0941 
Woody breast 1 70.83 53.33 77.08 79.17 78.75 72.92 6.11 0.0941 
         
White striping 0 6.25 8.33 6.25 6.25 4.17 2.08 3.07 0.7988 
White striping 1 93.75 89.58 91.67 89.58 89.58 87.50 4.24 0.9408 
White striping 2 0.00 2.08 2.08 4.17 6.25 10.42 2.92 0.3646 
         
Finisher phase: 28 to 42 d         
Digestible Lys, % 0.92 1.00 1.08 1.16 1.24 1.32   
         
Woody breast 0 0.00 0.00 2.08 0.00 0.00 2.08 0.91 0.5724 
Woody breast 1 83.54 81.67 86.25 90.42 74.79 90.63 4.32 0.2149 
Woody breast 2 16.46 18.33 11.67 9.58 25.21 7.29 4.04 0.0881 
         
White striping 0 5.66 2.08 4.56 2.50 0.00 2.08 0.69 0.6135 
White striping 1 67.80 69.42 67.02 56.61 67.87 70.95 6.29 0.7613 
White striping 2 26.55 28.49 28.39 40.89 32.13 26.96 6.23 0.7119 
         
Withdraw phase: 42 to 54 d         
Digestible Lys, % 0.77 0.85 0.93 1.01 1.09 1.17   
         
Woody breast 0 0.00 0.00 0.00 2.08 2.08 4.17 1.15 0.3869 
Woody breast 1 85.42 83.33 81.25 83.33 85.00 85.00 4.53 0.9880 
Woody breast 2 14.58 16.67 18.75 14.58 12.92 10.83 4.79 0.8931 
         
White striping 0 2.08 2.08 2.08 4.58 2.08 4.17 2.35 0.9370 
White striping 1 95.83 87.5 97.5 84.58 93.75 89.58 3.75 0.3274 
White striping 2 2.08 10.42 10.42 10.83 4.17 6.25 3.30 0.3236 
1Breast fillets were scored for woody breast and white striping on a 0 to 2 scale, where 0 = no 
incidence, 1 = moderate incidence, 2 = severe incidence. 






Table 7:  Cobb MV x Cobb 700 male broilers fed six different levels of digestible Lys1 estimated 
digestible Lys need in the grower phase:  12 to 28d of age for broiler responses. 
Response Variable Model Optimal2 digestible Lys, % Break3 R-square 
Body weight gain Linear broken-line 1.2050  0.8857 
 Quadratic polynomial 0.9835  0.8789 
Feed conversion Linear broken-line 1.2400  0.9487 
 Exponential 2P 1.1386  0.9518 
Carcass Linear broken-line 1.0690  0.1336 
 Exponential 2P 1.2400  0.0952 
Total white meat Linear broken-line 1.2400 0.9938 0.9286 
 Exponential 3P 1.0020  0.3583 
Breast fillet Linear broken-line 1.2400 1.0000 0.4107 
 Exponential 3P 1.0210  0.3670 
Tenders Linear broken-line 1.0000  0.0770 
 Linear 1.2400  0.0173 
Total leg meat† Linear broken-line 0.8400 1.0000 0.2900 
 Quadratic polynomial 0.9115  0.2443 
Thighs† Linear broken-line 0.8400 0.8900 0.1103 
 Exponential 2P 1.0190  0.1031 
Drums† Linear broken-line 0.8400 1.0250 0.3168 
 Quadratic polynomial 0.9480  0.2917 
Wings Linear broken-line 1.0800  0.1492 
 Quadratic polynomial 0.8720  0.0897 
Abdominal fat† Linear broken-line 1.2400 1.0783 0.1150 
 Exponential 2P 1.0589  0.1008 
1Dietary treatments contained the following amount of digestible Lys, %; of diet: T1 = 0.84, T2 
= 0.92, T3 = 1.00, T4 = 1.08, T5 = 1.16 and T6 = 1.24% 
2Optimization was set to minimize leg meat and abdominal fat responses due to these meat 
sources are considered less optimal in comparison to breast meat. 
3Break is the point where the broken-linear lines intersect; however, JMP 14 profiling tool with 
maximizing tool sets optimization at maximum digestible Lys level tested.  The break is 






Table 8:  Cobb MV x Cobb 700 male broilers fed six different levels of digestible Lys1 estimated 
digestible Lys need in the finisher phase: 28 to 42 d of age for broiler responses. 
Response Variable Model Optimal digestible Lys2, % Break3 R-square 
Body weight gain Linear broken-line 1.3200 1.0281 0.3300 
 Quadratic polynomial 1.0020  0.3432 
Feed conversion Linear broken-line 1.0000  0.0952 
 Cubic polynomial 1.3200  0.2000 
Carcass Linear broken-line 1.2563  0.0933 
 Linear 1.3200  0.0646 
Total white meat Linear broken-line 1.3200  0.1247 
 Exponential 2P 1.3200  0.1248 
Breast fillet Linear broken-line 1.3200 1.0773 0.0938 
 Linear 1.3200  0.0885 
Tenders Linear broken-line 1.3200 1.2163 0.0925 
 Exponential 2P 1.3200  0.0804 
Total leg meat† Linear broken-line 1.3200 0.9969 0.0117 
 Linear 1.3200  0.0098 
Thighs† Linear broken-line 1.3200 1.1816 0.0004 
 Linear 1.3200  0.0004 
Drums† Linear broken-line 0.9808  0.0184 
 Exponential 2P 1.1212  0.0000 
Wings Linear broken-line 1.3200 0.9865 0.0208 
 Linear 1.3200  0.0141 
Abdominal fat† Linear broken-line 1.3200 1.1077 0.4115 
 Exponential 2P 1.1653  0.4079 
1Dietary treatments contained the following amount of digestible Lys, %; of diet: T1 = 0.92, T2 
= 1.00, T3 = 1.08, T4 = 1.16, T5 = 1.24 and T6 = 1.32% 
2Optimization was set to minimize leg meat and abdominal fat responses due to these meat 
sources are considered less optimal in comparison to breast meat. 
3Break is the point where the broken-linear lines intersect; however, JMP 14 profiling tool with 
maximizing tool sets optimization at maximum digestible Lys level tested.  The break is 






Table 9:  Cobb MV x Cobb 700 male broilers fed six different levels of digestible Lys1 estimated 
digestible Lys need in the withdraw phase:  42 to 54 d of age for broiler responses. 
Response Variable Model Optimal digestible Lys2, % Break3 R-square 
Body weight gain Linear broken-line 1.170 1.013 0.1833 
 Linear 1.170  0.1601 
Feed conversion Linear broken-line 1.170 0.906 0.4889 
 Exponential 2P 1.170  0.4614 
Carcass Linear broken-line 1.104  0.2332 
 Cubic 0.968  0.2186 
Total white meat Linear broken-line 1.090  0.0866 
 Linear 1.170  0.0559 
Breast fillet Linear broken-line 1.097  0.0510 
 Linear 1.170  0.0262 
Tenders Linear broken-line 1.170 0.898 0.0535 
 Linear 1.170  0.0535 
Total leg meat† Linear broken-line 1.048  0.1950 
 Quadratic polynomial 1.170  0.1810 
Thighs† Linear broken-line 0.996  0.1463 
 Quadratic polynomial 1.170  0.1477 
Drums† Linear broken-line 1.181  0.1155 
 Linear 0.770  0.1155 
Wings Linear broken-line 0.840  0.0464 
 Linear 0.770  0.0004 
Abdominal fat† Linear broken-line 0.935  0.2280 
 Quadratic polynomial 0.820  0.2039 
1Dietary treatments contained the following amount of digestible Lys, %; of diet: T1 = 0.77, T2 
= 0.85, T3 = 0.93, T4 = 1.01, T5 = 1.09 and T6 = 1.17% digestible Lys 
2Optimization was set to minimize leg meat and abdominal fat responses due to these meat 
sources are considered less optimal in comparison to breast meat. 
3Break is the point where the broken-linear lines intersect; however, JMP 14 profiling tool with 
maximizing tool sets optimization at maximum digestible Lys level tested.  The break is 






SUMMARY OF WORK 
A series of studies have been conducted with high-yielding broiler breeder lines.  Overall 
conclusions will be discussed first focusing on the broiler breeder pullet, and then the hen followed 
by consideration of the nutritional needs of high-yielding broilers. 
The overall results of this work suggest that increasing the pullet BW or feeding the hen differing 
CP diets does not improve total or hatching egg production.  Indeed, there was no effect on either 
total or hatching egg production.  The only positive effect of increasing pullet BW and feeding 
higher AA to the hens was large egg weight at 60 wk of age.  There were adverse effects of 
increased rearing BW and low AA intake on the hen’s feather quality. Feather quality of the hens 
was reduced due to the AA needs to maintain the increase hen BW while being fed the diet with 
lower AA.  Conversely, hen feather quality was improved when pullet BW was maintained at the 
control BW guide but then fed higher hen dietary AA levels.  Poor feather quality causes hens to 
have less feather coverage for protection which may lead to scratches and ultimately affect hen 
fertility, morbidity and mortality.  The cost for increased progeny BW up to 40 wk hen age and 
better feather coverage of the hen due to feeding increased hen dietary AA resulted in a feed cost 
increase of $16.45 USD per metric ton for this study.  Implementation of this in the industry would 
be very costly due to the lack of egg production return for investment of increased feed cost. 
The performance of the Cobb 700 progeny were not adversely affected by either the growth curve 
of their dam or the hen dietary CP intake of the broiler breeder hen. However, there is an epigenetic 
effect of pullet rearing BW and hen dietary CP intake on progeny.  Interactions between rearing 
BW and hen dietary CP intake of the dam effected BW and feed intake of the progeny that differed 
between genders.  Processing yields were also influenced by the rearing BW and hen dietary CP 





research is warranted to better understand the CP epigenetic effects from the chicken dam to her 
progeny.  As primary breeders will continually change the broiler lines for improved broiler 
performance, knowledge of the nutritional needs of pullet/breeder and their effects on progeny are 
needed. 
The digestible Lys needs of the Cobb MV x Cobb 700 broiler were investigated as this has not 
been done following change in the male cross of Cobb 700 broiler line.  The Cobb MV x Cobb 
700 broiler needs for digestible Lys were found to be generally increased in comparison to those 
of the previously recommended levels of digestible Lys by Cobb-Vantress, Inc. The need of total 
Lys was estimated to be 0.06, 0.13, 0.04 and 0.06% higher in the starter (0 to 14 d), grower (14 to 
28 d), finisher (28 to 42 d), and withdraw (42 to 54 d), respectively, for BW gain. An exception 
would be the decreased need of digestible Lys for FCR and white meat responses from 12 to 28 d 
of age than previously recommended levels (Table 1).  These studies, based on Lys driven amino 
acid density suggest that, there should be changes in the published Cobb recommendations for 
digestible Lys responsiveness of the Cobb MV x Cobb 700.  However, there needs to be caution 
with any recommendations.  These should take into account the economics of production including 
feed costs and processing yield together with demand for white meat. 
There were differences in nutritional requirements in the high-yielding Cobb MV x Cobb 700 
broiler.  These results emphasize the need for comprehensive nutritional studies when new lines 
are introduced and at regular times (5-8 generations) with genetic selection.  With regard to 
humans, “With genetic engineering, we will be able to increase the complexity of our DNA, and 
improve the human race.  But it will be a slow process, because one will have to wait about 18 






Table 1:  Update of literature review Table 1 of primary breeder recommendations of dietary crude protein and total lysine fed to high-
yielding broiler strains† and the recommendations of the NRC 1994 to include work of Butler et al.1 
 Total lysine 
 
Digestible lysine 
  Cobb 700 - Butler et al. 
Broiler age NRC 
Cobb 
700 Ross 708 BW FCR White meat 
 
BW FCR White meat 
0 to 3 wk 1.10%          
0 to 10 d  1.35% 1.44%        
0 to 14 d    1.41% ↑ 1.43% ↑   1.28% ↑ 1.30% ↑  
3 to 6 wk 1.00%          
11 to 22 d  1.20%         
11 to 24 d   1.29%        
12 to 28 d    1.33% ↑ 1.02% ↓ 1.10% ↓  1.21% ↑ 0.92% ↓ 0.99% ↓ 
23 to 42 d  1.10%         
25 to 39 d   1.15%        
28 to 42 d    1.14% ↑ 1.11% ↑ 1.47% ↑  1.03% ↑ 1.00% ↑ 1.32% ↑ 
6 to 8 wk 0.85%          
43 d to market  1.05%         
42 to 54 d    1.11% ↑ 1.01% ↑ 1.21% ↑  1.01% ↑ 0.91% ↑ 1.09% ↑ 
40 d to market   1.08%        
†High-yielding broiler breeds represent the Cobb 700 and Ross 708. 
1Responses to digestible lysine titration levels were not well established for 12 to 28d, 28 to 42d and 42 to 54 d of age; however, they 
do show the needs of digestible lysine being higher than those of NRC (1994) and Cobb-Vantress, Inc. (2008) recommendations. 
↑indicates an increase in total or digestible lysine compared to previous Cobb 700 recommendations (2008). 
↓indicated a decrease in total or digestible lysine needs compared to previous Cobb 700 recommendation (2008). 
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